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!HE INFLUENCE OF EDAPHOLOGICAL FACTORS ON THE 
BIOLOGlCAL ACTIVITY OF SELECTED INSECTICIDES 
IN AGRICULTURAL SOILS 
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University of Nebraska, 1984 
Advisor: Z B Mayo 
A rating system was deve10ped to predict the mortality of southern 
corn rootvorm (Diabrotica undecimpunctata howardi Barber) larva e used 
as test animala to bioasaay soi1 insecticides. The mortality 
probabilities, based on behavior of moribund 1arvae, resulted in data 
that was more consistent with the assumptions underlying parameteric 
statistics and provided more precision when compared to the usually 
accepted alternate method of considering moribund larvae as dead. 
The rating system bioassay technique was used to study the effects 
of different soil factors on the relative decline Ln biological 
activity of six soil insecticides: carbofuran, chlorpyrifos, fonofos, 
isofenphos, phorate, and terbufos. Field studies (including one that 
altered pH with lime and sulfur) were conducted to measure the effects 
of soil pH, texture, organic matter, and moisture on insecticide 
persistence. In the laboratory, the Le 90 levels were determined for 
each insecticide in several soils. Studies measured the effects of 
moisture and temperature on the change in biological activity of the 
six insecticides in soils of varying texture, pR, and percent organic 
matter. 
All insecticides were influenced by pR, to varying degrees, in at 
least one test. Carbofuran persistence was most sensitive to 
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increasing pH. The influence of soil texture was variable. 
Loss of carbofuran activity in sandy soils was attributed to leaching. 
Mortality from chlorpyrifos was inversely proportional to percent clay. 
Soil pH and texture influences on activity of fonofos and isofenphoa 
were inconaistent. The effect of organic matter on biological activity 
of the insecticides was minimal. 
Regression models indicated that time ac'.'ounted for approximately 
55% of variation in the activity of phorate and terbufos with little 
effect attributed to soil factors. Variation in chlorpyrifos mortality 
increased an average of 17% (from 25%) by the inclusion of soil factors 
ln the modela. 
The LC~Os revealed that terbufos was the most toxic and fonofos 
the least toxic insecticide. 
Higher moiature levels accelerated the decline of f~nofos and 
terbufos activity. Chlorpyrifos and isofenphos were least influenced 
by different soil moisture levels. Soil temperature had no effect on 
insecticide persistence. 
Al! insecticides were affected by some edaphological or 
environmental factors, but the influences and degrees of response 
varied. 
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CHAPTER 1 
A RAT1NG gYSTEM FOR PRED1CTING MORTALITY OF MORIBUND SOUTHERN 
CORN ROOTWORM (Diabrotica undecimpunctata howardi Barber) LARVAE 
FOLLOWING EXPOSURE TO S01L INSECTICIDES IN A LABORATORY BIOASSAY 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
2 
INTRODUCTION 
A variety of insects have been used to bioassay the relative 
toxicity of insecticides in soil (Lange and Carlson 1955. Edwards et 
al. 1957, Banks et al. 1964. Harris 1964. Whitney 1967. Harris and Svec 
1968a,b.c. Read 1969. Harris and Turnbul1 1977, Gemrich and Goldsberry 
1982). Although sometimes ambiguous, the reported standards for 
determining insect mortality are often based upon the inability to 
pupate or respond to tacti1e stimulation (Whitney 1967. Read 1969. 
Rains and Christensen 1983). Sometimes lack of mobility is the 
criterion for mortality (Ebe1ing and Pence 1958. Harris and Mazurek 
1964,1966). Sutter (1982) developed a technique that relies on the 
insect's ability to move out of insecticide-treated soil placed in a 
Berlese funnel. Although Lange and Carlson (1955) evaluated the 
potential of insects to recover from insecticides, most studies have 
considered moribund insects as dead. 
Preliminary observations indicated that activity of rootworm 
larvae placed in insecticide-treated soil was variable. Therefore. the 
purpose here was to develop a rating system, based on larval behavior, 
which could be used to predict the eventual mortality of moribund 
larvae. 
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3 
METHODS AND MATERIALS 
The third larval stage of the southern corn rootworm (Diabrotica 
undecimpunctata howardi Barber) was chosen as a test organism to 
bioassay the activity of six soil insecticides under varying soil 
conditions. Insecticides included in this study were commercially 
available granular formulations of carbofuran, chlorpyrifos, fonofos, 
isofenphos, phorate and terbufos. The southern corn rootworm (SCR~, a 
"fairly" easy insect to rear in the laboratory, is one of several 
related Diabrotica species that are often target organisms of these 
insecticides. 
Laboratory Rearing Procedures for Southern Corn Rootworms 
SCR were reared using techniques modified from those developed at 
the USDA Northern Grain Insect Research Laboratory (NGIRL). 
Weekly shipments of 5000-7000 seR eggs, three to six days old, 
were received from NGIRL during the summer of 1981. The eggs were 
transferred to milk filters in 150x20 mm plastic petri dishes and 
incubated at 240 C. Hatching commenced within three days and the newly 
emerged larvae moved to the primary roots of corn seedlings previously 
placed in the petri dishes. Several seedlings, hosting a total of 500-
1000 first stage larvae were transferred to mats of germinated corn in 
plastic sweater boxes C3sx2sx8.s cm). When fungicide treated corn was 
used, most of the fungicide was removed by washing the corn in a soap 
solution and rinsing several times. After washing and rinsing, the 
corn was spaked in water for 24 hours. Four hundred mI of corn was 
spread on a wet sheet of 25x37.5 cm seed germination paper in the 
bottom of the plastic pan and then covered with another sheet of wet 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
4 
germination papero Lids were p1aced on tbe pans unti1 germination, 
wbicb was timed to coincide witb seR egg hatcb. 
Corn and 1arvae were maintained in environmenta1 cbambers at 240 
C. After tbe 1arvae were put into tbe pans tbe lids were 1eft ajar 0.5 
to 1.5 cm to allow air to circulate. 
Seven days later tbe corn pads were transferred to pans with 
fresbly germinated corn so tbe 1arvae could complete development. 
After another seven days the larvae were in the late third stage and 
ready for use in the bioassay. Larvae were individua11y picked out of 
the pans with forceps. 
In 1982 the bioassay studies were expanded so an independent 
rearing program, maintaining a11 life stages, was estab1ished. Several 
thousand eggs were received from NGIRL and the hatching and germination 
procedures described for 1981 were used. Larval rearing procedures, 
however, were modified. The plastic rearing pans were p1aced in an 
enclosed rearing room at 23° C (~~). Paper wicks, fashioned from seed 
germination paper, were placed in the pans and suspended in water to 
keep the corn pads moist. 
It was difficult to control temperature and relative humidity 1n 
the rearing room. When humidity dropped and dessication became a 
problem, the wick system was abandoned and lids with two slits, 1x20 
cm, were placed on the pans to conserve moisture. 
The colony was maintained by preparing, each week, 300 larvae for 
pupation. They were placed in a mixture of soil, sand and vermiculite 
(2 : 1 : 1) in a plastic box, 15.5 cm in diameter by 6.5 cm deep. 
Water was added te the soil mixture te bring it to 20% meisture. Lids 
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5 
were placed on the boxes to prevent the soil from drying. Seven days 
later, lids with five holes, 7 mm in diameter, replaced the originaJ 
covers and the pupation boxes were placed in a cage with an enclosed 
funnel on topo The cage was kept in an environmental chamber at 240 C 
under 24 hr illumination. As beetles emerged from the soil they left 
the cage through the funnel and entered an 8x16 cm cylindrical 
enclosure from which they were removed with an aspirator. 
The beetles were then transferred to a 61x61x46 cm screen cage 
with a sheet aluminum floor and one plexiglass side. Access to the 
cage was through 15 cm diameter ports in the plexiglass. Cages were 
kept in environmental chambers at 240 C under a 14L:10D photoperiod. 
Relative humidity was maintained at 50% or greater with pans of water 
in the bottom of the chambers. When the number of beetles in a cage 
reached 1000, or egg production declined, a second cage was started 
with new beetles. The beetles were maintained on the artificial diet 
described by Branson et al. (1975) and fresh lettuce. Water was 
provided with wet sponges in the bottom half of a 100x15 mm petri dish 
covered with a 15 cm piece of filter papero Dead beetles were removed 
and the water dish filter papers changed daily to reduce incidence of 
disease in the colony. Damp cheese cloth in the bottom half of lSOx20 
mm petri dishes provided an oviposition site, from which the eggs could 
easily be removed by rinsing in water. Folded sheets of aluminum foil 
over the oviposition dishes provided the beetles with shelter while 
laying eggs. 
Eggs were collected on Monday and Thursday of every week. The 
eggs collected on Monday were processed for rearing larvae as described 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
above, whereas those collected on Thursday were discarded. 
weekly egg production exceeded 30,000. 
6 
Total 
In 1982 ten pans per week, referred to as primary pans, were used 
for rearing first and second larval stages. Again; after seven days 
larvae were transferred to pans of fresh food (secondary pans) by 
placing the corn pads from the primary pana into the newly germinated 
corno The secondary pans had pieces of plastic screening between the 
corn and bottom piece of germination papero When the third stage 
larvae were fully developed they were collected by "peeling" the 
germination paper off the roots. The corn mat, held together by roots 
inter-twining the screen, was then suspended in a box over a large 
funnel. When the larvae dropped out of the root mass they fell to the 
bottom of the box and crawled through tbe funnel and dropped into a 
plastic box. Tbis system proved to be much more efficient than 
individually picking larvae out of the mat of corn roots. The larvae 
were then used either for bioassay or to replenish the colony. 
Mortality Rating System 
Soil was collected from field plots treated w:Lth known 
insecticides and put into 100x15 mm disposable plastic petri dishes or 
59 mI plastic condiment cups. Third stage SCR larvae, weighing 17-22 
mg and ready to pupate, were placed on the insecticide-treated soil. 
Containers were covered to prevent drying and stored at 250 C (~20). 
Techniques for evaluating effects of insecticide toxication were 
modified from Ba11 et al. (1975). After 48 hours (~4 hrs) exposure to 
insecticide-treated soil the 1arvae were placed under a bright light 
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illuminating a 7 cm circular area of dry filter papero 
7 
Larvae 
obviously dead were discolored, flacid, and in some cases putrified. 
When the initial check and evaluation was delayed beyond 48 hours, 
larvae that died shortly after being placed in the soil were often 
decayed beyond recognition. 
There was a wide activity range for larvae that neitber died nor 
pupated. Behavior of the surviving larva e (which are negatively 
phototactic) was observed as tbey attempted to move out of tbe light 
(A-E and field. Such larvae were classified into six categories 
living, Table 1-1) based on movement. 
Following original evaluation, sample larvae were returned to the 
same soil for five additional days to verify differences ~n survival 
associated with eacb of tbe six rating categories. After exposure to 
insecticide-treated soil for a total of seven days, including the 
initial 48 hours, the larvae were recovered and re-evaluated as above. 
Pupating larvae and those displaying behavior associated with any of 
the categories A-E were regarded as living. Over 2000 larvae were used 
to determine tbe subsequent mortality and pupation probabilities 
associated with the rating categories. 
Physiological differences ~n larvae displaying behavior 
represented by tbe different rating categories were studied by 
measuring the respiration rate of affected larvae. Following removal 
from the insecticide-treated soil, individual larvae were rated, 
weighed, and placed in tbe test chamber of a differential 
microrespirometer. 
Fenn microrespirometers were calibrated and prepared according 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
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Table 1-1. Behavior associated with rating categories used to 
determine percent mortality of third stage southern 
corn rootworm larva e following 48 hours exposure to 
insecticide treated soil. 
Larval 
Rating 
DEAD 
A 
B 
C 
D 
E 
LIVE 
Behavior 
Obviously dead 
Slow writhing 
Fast writhing 
Uncoordinated 
Poorly 
coordinated 
Partially 
paralyzed 
Normal 
Description 
Immobile, flacid, may ha ve started to 
decay. No response to prodding. 
Lays on side and can move legs slowly; 
either cannot move body or moves body 
very slowly. 
Rolls from side to dorsum; can only flop 
back and forth; cannot move body with 
legs or attempt to gain an upright 
position. 
Attempts to stay upright but falls over 
to side; twists body to an upright 
position. If it maintains an upright 
position the larva can only move slowly 
in a circle or backward. 
Can move forward, but erratically and 
occasionally falls to side; often moves 
in a diagonal manner; posterior half m2y 
tremble uncontrollably as it moves 
forward. 
Moves forward in a coordinated manner with 
legs on surface.but is slowed by dragging 
posterior. 
Moves forward rapidly and smoothly with 
no faltering or falling. 
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to methods modified from Umbreit et al. (1964). Capillary tubes of the 
respirometers were calibrated twice with mercury and twice with 
distilled water. A five mm square piece of filter paper, soaked in 5% 
KOH solution to absorb expired C02, was placed in tbe test chamber and 
separated from the larva by a disc of 50 mesh screening. A drop of 
carmine-colored kerosene was injected into the capillary tube and the 
system was sealed. As oxygen was consumed by respiration, evo1ved CO2 
was absorbed by the KOH as the volume of gas within the closed system 
was reduced. Movement of tbe kerosene threa~ in the capi1lary 
indicated changes in vo1ume of the gas in the system. 
Respirometers were p1aced in a water bath at 300 C (~lo) and 
a110wed to equi1ibrate for at 1east 15 minutes before the initial 
readings were made. Capillary movement was recorded over time, from 20 
minutes to 2 hours, and converted to oxygen volume consumed per hour. 
Oxygen consumption for individual larvae was determined on the basis of 
mm 3mg-l hr- l • Insecticide-treated l~rvae were compared to two non-
insecticide checks. The two respiration checks were from: (1) living 
larvae that had not been exposed to insecticides or a pupation medium; 
and (2) larvae that had pupated in insecticide free soil. 
If re1iable, the rating system should provide for recovery of 
moribund larvae. Thus it is more accurate than just considering as 
dead al1 larvae disp1aying abnorma1 behavior after 48 hours of exposur~ 
to insecticide-treated soi1. Tests were conducted to evaluate 
differences in precision due to the rating system compared to the 
1atter method. Thirteen data sets, each comprising approximately 215 
observations, were collected during the summer of 1982. Each 
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observation represented five larvae exposed to insecticide-treated 
soil. 
values 
Larval behavior was rated A-E, live or dead. Three mortality 
were calculated for the observations in each data set: 
probability of mortality from column two in Table 1-2; probability of 
not pupating, from the inverse of values in column 3 of Table 1-2; and 
absolute mortality with any rating of A-E considered as dead. Basic 
statistics were generated for the three mortality values of all 13 data 
sets. Criteria for performing analyses of variance and other tests of 
parametric statistics require that the error s of the data be normally 
distributed and have a sum of zero. Therefore, the error terms of the 
observations in the 13 data sets were tested for normality and the null 
hypothesis, H o: O' =0, for each of the three methods of determinin8 
mortality. 
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Table 1-2. Eventual mortality and pupation after seven days, and 
respiration rates of third stage southern corn rootworm 
larvae rated according tobehavior described in Table 1-1 
following 48 hours exposure to insecticide treated soil. 
Behavior 
Rating 
Percent 
Mortalityl/'l/ 
Percent 
Pupationll.~/ 
Percent of Surviving 
Larvae Returned to 
Treated Soil that 
Pupated 
Mean 
Respiration 
(mm3mg- 1 hr-1 ) 
A 94.7 a 0.2 a 3.9 .570 
B 80.7 b 1.4 a 7.3 .5l3 
e 67.7 e 9.1 ab 28.2 .493* 
D 68.5 e 17.6 b 55.9 .462* 
E 43.5 d 37.3 e 66.0 .439* 
Living .607 1) 
Pupa .215 !!) 
!/ - All means were adjusted for normal mortality according to 
Abbott's formula (Abbott 1925). 
1/ - Means in each column followed by the same lower case letter 
are not significantly different at P=O.05 by Duncan's 
multiple range test. 
- Respiration means of categories are significantly different 
from respiration mean of untreated living at P=0.05 by t-test. 
1/ - Larva were not exposed to an insecticide or provided with a 
pupation medium. 
~/ - Larvae were not exposed to an insecticide but were provided 
a pupation medium. 
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RESULTS AND DISCUSSION 
Mortality and pupation associated with the rating categories, A-E, 
are listed in TabIe 1-2. There ~as a marked progression in survival of 
larvae capable of little or no movement (A), to those with almost 
normal activity (E). Although there was little difference in mortality 
between categories e and D, there was a considerable difference in the 
percent of surviving larvae which pupated, aIthough not significant 
(P=O.OS) by Duncan's multiple range test. More larvae in category D 
survived to pupate, indicating that the chronic effects of the 
insecticides in those soils were less toxico Potential mortality and 
pupation 
behavior) 
pupation 
of larvae rated as E (representing 
were significantly different (P=O.OS) 
associated with all other categories. 
the least abnormal 
from mortality and 
Column 4 in Table 1-2 
illustrates a corresponding increase in pupation for larvae which 
survived an additional five days in insecticide-treated soil. 
To ensure the rating system categories were independent of 
insecticides, the mortality associated with the categories A-E within 
each insecticide was calculated. There was no significant (P=O.OS) 
insecticide by rating category interaction, implying that the morality 
associated with the behavior represented by a rating was independent of 
the insecticide that e1icited the behavior. Furthermore, separate 
analyses of variance on the insecticide associated morta1ities within 
each category indi~ated no significant differences (P=O.OS) in 
morta1ity between insecticides within categories. 
Results of the respiration study are 1isted in Table 1-2. 
Analysis of variance was conducted on the respiration rates of 1arvae 
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disp1aying the different morta1ity ratings and the insecticides to 
which they were exposed. A1though there were no significant 
differences (P=O.OS) between the rating categories, there was a 
definite trend of increased respiration corresponding to greater 
morta1ity associated with the respective categories, as evidenced ~n 
Tab1e 1-2. There were significant differences in respiration rates 
between insecticides, which may be due to more observations for some 
insecticides in categories associated with greater morta1ity. However, 
there was no insecticide by rating category interaction. The 1ack of 
interaction imp1ies that respiration, as affected by the probabi1ity of 
morta1ity associated with a rating category, is independent of the 
insecticide that e1icited the behavior represented by the rating. 
A1though respiration increased in 1arvae which had a greater 
probabi1ity of morta1ity, the respiration rate in a1l categories ~s 
sti11 1ess than that for 1arvae not exposed to insecticides or pupation 
medium (Tab1e 1-2). However, t-tests revea1ed that the respiration of 
1arvae from categories A and B were not significantly different 
(P=O.OS) from that of untreated non-pupating larvae. These comparisons 
indicate that respiratio~ of larvae which could not pupate, as a result 
of insecticide exposure, responded similar1y to untreated larvae that 
cou1d not pupate because of the 1ack of pupation medium. 
Figure 1-1 depicts the corre1ations between larval respiration and 
both the probabi1ity of morta1ity and the probabi1ity of not pupating, 
as determined from the larval behavior ratings. Corre1ation 
coefficients for both regressions were significant (P=O.OS), and the 
trend of increasing respiration associated witb a greater probabi1ity 
R
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Figure 1-1. Regression of the respiration rate of third stage southern corn rootworm 
larvae on the probability of mortality or probability. of not pupating 
following 48 hours exposure to insecticide treated soil. 
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of mortality is again evidente 
The respiration rate of larvae that pupated in insecticide free 
soil was 0.215 mm 3mg-l hr-1. Keister and Buck (1974) reported varied 
respiration rates in insects following exposure to organophosphate 
insecticides. 
respiration. 
Rere the insecticide exposure resulted in a decrease in 
However, considering that the placement of third stage 
larvae in soil will prompt pupation, and a subsequent decrease Ln 
respiration, the progressive reduction in respiration of larvae with a 
decreasing liklihood of mortality, or increase in probability of 
pupation, may be explained. The third stage larvae placed in the soil 
will attempt to pupate and as pupation progresses respiration is 
suppressed. If there is a degree of inhibition in pupation, reduction 
in respiration is inhibited correspondingly. Table 1-2 demonstrates 
both a progressive increase Ln potential pupation Ln categories A-E a~d 
a respective decrease in respiration. Larvae rated as "E fI have the 
greatest probability of pupating and thus were more likely to have a 
lower respiration rateo 
The means, standard deviations and coefficients of variation 
(C.V.) for the 13 data sets from 1982 were calculated with each of the 
three rating schemes: probability of mortality (Table 1-2) ; 
probability of not pupating (Table 1-2); and absolute morta1ity (A-E 
considered dead). These parameters are presented in Table 1-3. In all 
data sets, means were the greatest for absolute mortality and 1east for 
probability of mortality. In all but one data set, the coefficient of 
variation for absolute mortality was less than the C.V. for probability 
of mortality. Coefficient of variation for the probability of not 
R
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Table 1-3. Simple statistics and distribution of residuals for 13 data sets using 3 methods of determining 
SCR larval mortality in a bioassay. 
PROBABILITY OF MORTALITyll PROBABILITY OF NOT PUPATINGlI 
ABSOLUTE MORTALITY 
DATA (A-E DEAD) 
SETS Test for Test for Test for 
Mean CV Normali ty'l:./ Mea;]. CV No rrna li ty}:../ Mean CV Normalityl/ 
.88± .15 17 ** .88±.13 15 ** .98±.10 11 ** 
2 . 86± .19 22 ** .86±.19 22 ** .95±.17 18 ** 
3 .78±.27 35 )~* .79±.27 35 ** .93±.22 23 ** 
4 .67±.31 46 ** .68±.31 45 ** .82±.32 39 ** 
5 .53±.35 67 NS .53±.35 67 ** .63±.41 65 ** 
6 .51±.32 63 NS .52±.33 63 ** .68±.39 58 * 
7 .44±. 35 81 NS .44±.36 81 NS .56±.42 74 ** 
8 .39±.38 98 ** .39±.38 97 ** .47±.44 94 NS 
9 .39±.33 85 NS .39±.33 84 NS .52±.41 79 * 
10 .35±.37 104 NS .36±.35 98 NS .43±.40 95 NS 
11 .21±.27 129 * .20±.27 l33 ** .27±.36 133 ** 
12 . 22±. 29 131 ** .23±.30 131 ** .291. 37 126 ** 
13 .24±.32 136 ** .24±.33 135 ** .30±.40 133 ** 
,..... 
-....J 
R
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TabIe 1-3. (cont.) 
l/ 
]j 
From TabIe 1-2. 
Kolomogorov-Smirnov test for goodness of fit; H: SampIes are from a normally distributed 
population. NS - non-significant; * ** signifigant at P=O.Ol, P=O.OS, respectiveIy. 
,..... 
ce 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
19 
pupating was less than the C.V. of abso1ute morality in three data sets 
and greater than the the probability of mortality C.V. in one seto The 
average C.V. for absolute mortality was 5.04 and 1.05 less than the 
average C.V.s of probability of mortality and probability of not 
pupating, respectively, for all data sets. 
Although variation appeared slightly greater among values 
calculated with the rating system, it actually proved to be more 
sensitive in detecting differences between insecticide treatments. 
Three analyses of variance were conducted for each of the 13 data sets 
using the three values determined by probabi1ity of mortality and 
probability of not pupating (Table 1-2) and absolute mortality (A-E as 
dead). Both rating system methods, probability of mortality and 
probabi1ity of not pupating, resulted in a 16% increase over the 
abso1ute mortality va1ues in the number of significant (P=O.OS) 
differences and interactions. The increased sensitivity is likely 
attributab1e to the increased accuracy of the rating system that 
considers recovery of affected larvae. 
The Kolomogorov-Smirnov test for goodness of fit was used to 
determine if tbe error terms of tbe 13 data sets were normally 
distributed. Results of the tests for normality are presented in Table 
1-3. When absolute mortality was calculated by considering A-E as 
dead, the error terms in only two of the data sets were normally 
distributed. Tbree of the data sets had norma11y distributed errors 
wben the probabi1ity of pupation, based upon larval behavior, was 
evaluated. When the error terms of observations representing the 
probability of mortality were tested, they were normally distributed in 
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5 of the 13 data sets. These analyses demonstrate that the use of a 
rating system, based on larval behavior, results in data that more 
often satisfy the assumptions of conventiona1 parametric statistics 
compared to systems that classify as dead, 
abnormally. 
all larvae acting 
However, tests indicated that for all 13 data sets the variance of 
the errors was equal to zero no matter which system was used. 
The range in activity of insects responding to varying doses of 
insecticides is a continuum. In assigning discrete rating categories 
to the behavior of moribund insects some overlap is unavoidab1e. The 
extremes of a category may be the same as the extreme range of behavior 
for adjacent categories. Furthermore, behavior could conceivably be 
arbitrarily classified into 3, 5, lOor more categories. However, the 
actions of seR 1arvae represented by the five ratings, A-E, in this 
system appear to be distinctly different so as to represent real 
differences in the insecticidal effects. This premise is supported by 
the mortality and pupation results in Table 1-2. Although this method 
lacks the absolute objectivity of Ball et al. (1975), it compensates by 
allowing for the eventual recovery of affected larvae. Following a 
single topical application of an insecticide an insect may appear 
moribund for a short time, 
continuous exposure in 
but may eventually recover. However, the 
the soil, more realistically reflects 
insecticide toxicity in an actual field situation. The rating system 
more accurately projects true mortality as opposed to declaring as 
"dead" a11 larvae displaying abnormal behavior. After only 48 hours it 
is possible to predict actual mortality resulting from insecticide 
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exposure. 
A1though more subjectivity is invo1ved in the rating system 
devised here, less equipment is required than Sutterls (1982) method to 
assay a 1arge number of samp1es. It is labor intensive, but two peop1e 
were ab1e to eva1uate up to 500 samp1es/day. 
This bioassay technique is an inexpensive, rapid and re1iab1e 
method of eva1uating insecticide efficacy for a 1arge number of soi1 
samples. Furthermore, the rating system method could be adapted for 
other test organisms and various app1ication methods. However, it is 
critica1 that rating categories be ca1ibrated to the eventual morta1ity 
response that they represento It is al so important that the degree of 
response represented by a category is independent of the treatment that 
induces the response. 
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CHAPTER 2 
THE INFLUENCE OF EDAPHOLOGICAL FACTORS ON THE 
BIOLOGICAL ACT1V1TY OF SELECTED 1NSECT1C1DES: 
F1ELD STUDIES, WITH SPECIAL EMPHAS1S ON S01L TEXTURE AND pH 
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INTRODUCTION 
The soil is a diverse, complex, and dynamic medium, comprised of a 
variety of flora and fauna, chemical and physical properties, all 
inter-related and interacting with one another. The introduction of 
agricultural chemicals into such an environment may be mutual1y 
Soil insecticides are applied to control insects disruptive. 
detrimental to agricultural production. However, sometimes soil 
factors may deactivate insecticides before control is effected. 
There are scores of studies in the literature dealing with the 
influences of soil characteristics on the effectiveness of 
insecticides Ln the soil. Some studies invo1ved one or two specific 
characteristics and produced contradictory results because other 
effects or interactions were not considered. Harris and Hitchon (1970) 
and Harris (1977) found insecticides to be less effective in muck or 
high organic matter soils. Some reports suggest that a higher amount 
of organic matter in the soil actual1y contributes to longer 
insecticide persistence (Harris 1964, Laveg1ia and Dahm 1975, Chapman 
and Harris 1980). These diverse conclusions may have been confounded 
with soil moisture 1evels. 
Inherent differences Ln other soil characteristics may produce 
apparent1y opposite resu1ts in different studies. Laveglia and Dahm 
(1975) reported an increase in the oxidation of terbufos at lower pH, 
presumably due to microbial activity, whereas Read (1976) found 1itt1e 
effect of pH on terbufos after 60 days and actua1ly slight1y more 
toxicity at pH 6.2 compared to 7.8 after 100 days. Soi1 in the latter 
study may not have had the same kind of microbia1 populations, or 
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different factors may have been acting on the terbufos at the two 
extremes of the pH sca1e. Strong1y acid soi1s, as we11 as ~trong1y 
a1ky1 
1977). 
soi1s, wi11 increase hydro1ysis of terbufos (Laveg1ia and Dahm 
Read (1971) and Gorder et al. (1982) reported that carbofuran 
was unaffected by pH ranging from 5.7 to 7.8. However, there are 
reports (Caro et al. 1973, Getzin 1973, Ahmad et al. 1979) that 
carbofuran is increasing1y hydro1ized as pH Lncreases. 
Sometimes the 1eve1s of the soi1 characteristics studied may be 
beyond those norma11y found in productive agricu1tura1 soí1, such as 
extremes Ln organic matter content (muck soi1 and quartz sand) or pH 
(Getzin and Chapman 1959, 1960, Harris 1964, 1969b, 1971, 1977, Harris 
and Mazurek 1966, Harris and Svec 1968a,b,c, Harris and Hitchon 1970, 
Burns 1971, Getzin 1973, Davis and Kuhr 1976, Harris and Turnbul1 1977, 
Chapman and Harris 1980, 1982, Harris and Chapman 1980, Tashiro et al. 
1982). The information from such studies may be he1pfu1 in determining 
which soi1 characteristics impinge upon the effectiveness of specific 
insecticides, but may not ref1ect the re1ationships in an agricu1tura1 
soi1. 
Despite the comp1ex nature of the soi1 environment there are some 
studies 1n which the inf1uences of severa1 soi1 characteristics on 
insecticide persistence were examined (Whitney 1967, Harris and Svec 
1968b, Patterson and Raw1ins 1968, Harris 1977, Chapman and Harris 
1980, Harris and Chapman 1980). However, the most comprehensive 
pub1ications are summary and review papers (Bai1ey and White 1964, 
Harris 1972, Laveg1ia and Dahm 1977, We11ing 1977). 
Methods used to determine the effects of soi1s on insecticides 
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have directly or indirectly measured the amount of insecticide 
remaining in the soil. Gas liquid chromatography (GLC) and thin layer 
chromatography (TLC) have been widely used to measure the kind and 
amount of insecticide that could be extracted from soi1s. When 
calibrated to particular soi1 conditions these methods can accurate1y 
detect insecticide in the soil. However, the extraction techniques may 
remove some insecticide bound to the soil organic matter or mineral 
surfaces and inaccessible to bio10gical organisms. Thus, the 
biologica1 activity of an insecticide under such conditions may be 
misrepresented. Furthermore, chemical assay techniques (GLC and TLC) 
on1y detect those compounds for which the search is being made. Sone 
metabolites or breakdown products may not be detected. The metabolites 
may be more toxic or persistent than the parent compounds (Lichtenste~n 
et al. 1973, Chapman and Harris 1980, Harris and Chapman 1980). 
Bioassay techniques, though indirect1y measuring the amount o: 
insecticide in the soil, realistical1y reflect the influence of soils 
on the biologica1 activity of insecticides. A wide variety of insects 
have been utilized in bioassays of soi1 insecticides (Chapter 1). 
Fe1sot and Dahm (1979) reported an interesting study or the 
physicochemical properties of several insecticides in different soils. 
They identified soil factors having the most significant influence on 
the insecticides. However, their results did not reflect the 
biological activity of the insecticides. Biological activity is not 
only a function of the soi1 effects on the insecticide, but the degree 
of inherent toxicity of the insecticide as well as the toxicity of 
breakdown products. 
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In these studies, the SCR bioassay technique presented in Chapter 
1 were used to study the effects of different soils and soil 
characteristics on the relative decline in biological activity of six 
soil insecticides. The insecticides are commonly used in Nebraska 
cornfields to control western and northern corn rootworms (~virgifera 
virgifera LeConte and ~ barberi Smith and Williams). 
In 1981 and 1982 field studies were conducted to measure the 
effects of soil pH, texture, organic matter, and moisture on the 
persistence of biological activity of the six insecticides. 
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METHODS AND MATERlALS 
1981 Fie1d Study 
Eight central Nebraska corn fields, with diverse edapho1ogical 
characteristics (Table 2-1), were chosen for a study of the re1ative 
changes in biological activity of six corn rootworm soil insecticides. 
Edaphological and environmental data for specific fíelds are lísted in 
Table 2-1. The six insecticides included in the study were carbofuran 
(Furadan ® 10G), chlorpyrifos (Lorsban ® 15G), ® fonofos (Dyfonate 20G), 
isofenphos (Amaze ® 20G), phorate (Thimet ® 15G), ® and terbufos (Counter 
15G). These six insecticides were, in the author's experience, the 
most widely used and efficacious insecticides in Nebraska soils. 
On May 12-13, 1981 the six insecticides were app1ied to sma11 
plots in the eight fie1ds at the rate of 1.12 kg Al/ha, based on 100 cm 
rows, with a bicyc1e-whee1 app1icator. Granules were dispersed with a 
Noble ® metering unit in a 17.8 cm band over the row and incorporated 
into the surface soil with a hand rake. Treatments, including an 
untreated check, were arranged in a randomized complete block design 
replicated six times. Blocks were adjacent and comprised of single row 
plots 15.2 m long. Through August 18 soil samples were taken at weekly 
intervals following application. lntervals to the last three sample 
dates were 11, 11, and 14 days, respectively. Each sample was the 
composite of two soi1 cores, 10 cm deep by 5 cm in diameter, from 
different locations in the plot. Cores were extracted from between two 
adjacent plants directly in the row. When sampling after cultivation, 
the top few cm of soil were removed to expose the original surface to 
ensure that samples were from the soíl level that had been treated. 
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Table 2-1. Edaphological, historical, environmental, and agronomic characteristics of fields in 1981 
field study of edaphological influences on biological activity of soil insecticides. 
FIELD 
E F H M O S V W 
County Hall Nance Nance Kearney Merrick Hall Merrick Kearney 
EDAPHOLOGICAL 
pH: 7.6 7.3 6.2 6.3 7.8 7.9 5.3 5.9 
% Organic 
Matter: 3.2 3.3 3.5 1.9 3.7 4.2 1.4 1.8 
% Clay 8.9 1.1 24.7 1l.0 10.1 5.7 0.2 5.8 
% Silt 61.3 24.4 67.1 59.6 43.1 51.5 16.8 40.5 
% Sand 29.8 74.5 8.2 29.4 46.8 42.8 83.0 53.7 
CEC 19.09 1l.85 23.32 14.60 18.66 17.94 6.56 9.31 
S01L 1NSECT1C1DE H1STORyll 
1980 T F Alfalfa None F T F None 
1979 P Ca Alfalfa None F P F None 
1978 p Ca Alfalfa T P F 
w 
o 
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TabIe 2-1. (cont.) 
E F H 
ENVIRONMENTAL - Recorded Rain and Irrigation (cm)~/: 
AGRONOMIC 
Irrigation: 
Row Width (cm): 
Planting Date: 
Insecticide 
Application Date: 
Growth Stage at 
gravity 
76.2 
April 30 
Hay 12 
33.8 34.3 
gravity gravity 
91.4 91.4 
April 27 April 28 
May 13 May 13 
FIELD 
M 
45.5 
center 
pivot 
91.4 
April 27 
May 12 
O 
30.911 
center 
pivot 
76.2 
April 28 
May 13 
S 
29.2 
gravity 
76.2 
April 27 
May 12 
V 
30.911 
center 
pivot 
9l.4 
April 28 
May 13 
W 
63.4 
center 
pivot 
91.4 
May 5 
May 12 
Application 2 leaf 2 leaf 2 leaf emerging 2 leaf 2 leaf 2 leaf emerging 
11 Ca- carbofuran, F- fonofos, P- phorate, T- terbufos. Field H was in alfalfa, no insecticide. 
11 Includes irrigation applied with sprinkler but not in gravity irrigated fields. 
31 
- Gauge upset several times in these fields. 
W 
f-' 
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Samples were returned to the laboratory where approximately 50 ce 
of soil from each sample was placed in a 100 mm disposable petri dish. 
The remaining soil was placed in plastic bags and frozen for future 
analyses. Two or three germinated corn seeds were placed in each petri 
dish which was then infested with five third stage SCR larvae. Larvae 
were reared, with methods described in Chapter 1, from eggs supplied by 
the U.S.D.A. Northern Grain Insects Research Lab at Brookings, South 
Dakota. After 48 hours larvae were examined to determine the number 
dead, moribund, 
were rated, as 
live or pupated. 
described in 
Based on behavior, moribund larvae 
Chapter 1, and the corresponding 
probability of mortality was assigned. The mortality for each sample 
was the average of the combined mortality (1.0 for dead and 0.0 for 
living or pupated larvae) and probability of mortality (ratings of 
moribund larvae) of all seR in the sample. 
To analyze the results, Abbott's (1925) conversion was used to 
adjust for ¡Jortality in the untreated check of each replication. 
Throughout the study Dunnett's test of treatment means versus the check 
was conducted on each week's data. A treatment was deleted when the 
mean was not significantly different from the check for two consecutive 
weeks. Thus, carbofuran was no longer included after July 21 and 
phorate was discontinued after July 28. 
Analyses of variance (ANOVA) were performed on the mortality 
results from each of the sample dates. The objective was to identify 
which insecticides provided biological activity the longest and most 
consistently in the different field conditions. 
Regression analysis was performed for each insecticide to identify 
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the re1ative inf1uence of the soi1 factors on change in bio10gica1 
activity. First, mode1s that regressed morta1ity on the linear and 
quadratic effects of samp1e date were deve10ped to describe the change 
in morta1ity, over time, across a11 fie1ds. Then, va1ues for the 
specific soi1 characteristics of each fie1d were incorporated into the 
mode1s in an attempt to explain additiona1 variation. The coefficients 
of mu1tip1e determination (R2 ) for the two mode1s of the respective 
insecticides were compared to identify which insecticides were most 
inf1uenced by variation of the edapho10gica1 characteristics of the 
fie1ds. If the difference in the R2 s is large, the bio1ogica1 activity 
of an insecticide was more 1ike1y affected by the soi1 characteristics 
inc1uded in the mode1. 
The soi1 characteristics considered for inc1usion in the mode1s 
were pH, percent organic matter and percent c1ay, si1t and sand. 
Corre1ations were determined for these soi1 parameters using the values 
from the eight fie1ds in the study. The inclusion in a regression 
model of two factors that are high1y corre1ated may cause some 
variation to be accounted for twice. The sum of partia1 sum of squares 
could exceed the total sum of squares and the mode1 wou1d appear to 
exp1ain more variation than it actua11y does. Therefore. on1y soil 
factors not corre1ated were inc1uded in the mode1s. 
The combinations of factors, and their quadratic effects, for 
testing in the models were: pH and percent clay; pH and percent sand; 
percent organic matter and percent c1ay; 
percent sand. 
percent organic matter and 
The linear effect of samp1e date was inc1uded in a11 models. A 
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stepwise regression procedure was used, in which a11 other factors were 
individua11y added and tested. The factor contributing the most to 
exp1aining variation was retained in tbat step. The procedure was 
repeated unti1 a11 factors were inc1uded in the mode1. Tbe "optimum" 
mode1 was se1ected when the addition of anotber variable ceased to 
increase tbe R2 by more than 0.01 and the standard error no longer 
decreased. 
Tbis study was not intended to eva1uate the root protection 
performance of the insecticides in the fie1d. However, in tbe seven 
fie1ds tbat were p1anted to corn the previous year. five roots were dug 
in each p10t on Ju1y 21-22 and rated on a sca1e of 1-6 (Hil1s and 
Peters 1971). Roots from tbe untreated checks were initia11y 
eva1uated. On1y if tbe average rating exceeded 2.5 were roots from tbe 
insecticide treatments a1so rated. 
During the winter of 1981-82 se1ected soi1 samp1es, tbat bad been 
frozen the previous summer, were chemical1y ana1yzed by the companies 
tbat manufactured the insecticides used 1n the study (American 
Cyanamid, Dow Chemica1, FMC Corporation, Mobay, and Stauffer Chemica1 
Company). Concentrations of insecticide in the soil were compared with 
SCR morta1ity from tbe bioassay of corresponding samp1es. 
1982 Fie1d Study: Soil Texture and pH Effects 
Ana1yses of variance of the 1981 data indicated significant 
treatment by 10cation interactions. It was not certain if the 
interactions resu1ted from the inf1uence of the different soi1s or 
environmenta1 conditions, on the insecticides. Tberefore, 1n 1982 an 
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attempt was made to eliminate the latter possibility by utilizing soils 
with diverse selected edaphological characteristics within close 
proximity. Soi1 texture and pH were the characteristics se1ected for 
more intense study. 
Three soi1s of diverse texture (loamy sand, loam, and si1ty c1ay 
loam) were located within one square ki10meter of the University of 
Nebraska Fie1d Laboratory, Mead, Nebraska. Organic matter content of 
the three soi1s ranged from 1-2%. The pH was 6.6, 6.8 and 6.8 in the 
loamy sand, loam, and si1ty c1ay loam, respectively. 
Woodruff (1948), Kashirad and Bazargami (1972), Remon et al. 
(1977), and trials conducted during the summer of 1981 showed that pH 
can be successfully altered with lime (CaC03) and elemental sulfur to 
the extreme ranges of the pH scale, normally found in agricultural 
soils. 
In the fall of 1981 and spring of 1982, lime (CaC03) and elemental 
su1fur were applied to the soils to increase and decrease pH, 
respectively. Edaphological characteristics, amounts of lime and 
sulfur added, and changes in pH are presented in Table 2-2. The lime 
and sulfur treatments and an untreated check were arranged in a 
randomized complete block design replicated four times in each soil. 
Plots were planted to corno lnsecticide treatments were applied 
at the rate of 1.12 kg Al/ha, based on 100 cm rows, on July 7, when the 
plants reached the three leaf stage. Treatments, including an 
untreated check, were replicated four times over the lime, sulfur and 
check plots in a sp1it-block design (Figure 2-1). Insecticides 
included in the study were the same as used in 1981, except a 20% 
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Table 2-2. Characteristics of soils used in 1982 field study of pH and 
soil texture effects on biological activity of soil 
insecticides. 
Silty 
clay Loamy 
loam Loam sand 
% Clay 34.4 22.6 l3.0 
% Silt 64.1 30.1 7.0 
% Sand 1.5 47.3 80.0 
% O.M. 1.7 1.9 1.1 
CEC 24.21 27.21 6.56 
Initial pH 6.8 6.8 6.6 
Kg Sulfur/ha 4491 3368 2246 
Kg Lime/ha 8982 6736 4491 
Decreased pH 5.2 5.7 5.1 
Increased pH 7.2 7.1 7.0 
R
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Figure 2-1. Arrangement of treatments in split-block design used in 1982 field study of 
pH and soil texture effects on biological activity of soil insecticides. 
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granular formulation was substituted for Thimet l5G 
39 
(phorate). 
Application and incorporation procedures were the same as those used in 
the 1981 stuJy. 
Subsequently, at approximately 10 day intervals, soil cores 10 cm 
deep by 5 cm in diameter. were extracted from the individual plots for 
a period of 19 weeks. Two cores were removed from each plot, 
consolidated and thoroughly mixed. Subsamples were placed in 59 mI 
plastic condiment cups and returned to the laboratory where third stage 
SCR larvae were used to bioassay the residual activity of the 
insecticides. Bioassay techniques were similar to those used in 1981 
and mortality was determined with the rating system described in 
Chapter l. However. because larvae placed in the soil had ceased 
feeding and were ready to pupate, sprouted corn seedlings were not put 
~n the soil for food. 
ANOVAs were performed on the untreated checks for each of the 
sample dates to determine if tbere were effects on larval mortality due 
to soil texture or pH alone. Because there were significant (P=0.05) 
pH or textural effects on eight of the samp1e dates Abbott's (1925) 
conversion was used to adjust the insecticide induced mortality for any 
natural mortality that occurred in the untreated check. 
ANOVAs were conducted for each sample date to determine if there 
were differences between insecticides. soil, or pH leve1s and to find 
any significant interactions. The insecticide by pH interaction was 
highly significant (P=O .01) on all but two' samp1e dates. Tbe 
interpretation of this interaction is an integral part of this aspect 
of the study. 
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Duncan's multiple range tests (DMRT) were performed on the 
insecticide by pH combinations for each sample date. The split-block 
design made it necessary to use different error terms for testing the 
various main effects and interactions. Therefore, the standard error s 
used in the DMRTs differed, depending on whether the comparisons were 
between different insecticides within the same pH, the same insecticide 
at different pH levels, or different insecticides at different pH 
levels. 
The standard error s (SE) and degrees of freedom for making the 
comparisons between insecticides at the same pH level and between pH 
levels for the same insecticide were derived from Cochran and Cox 
0957 ). 
Difference between insecticides at same pH: 
SE = ~ (2( (3-l)Erntr + Erns ) /3d 
Difference between same insecticide at different pH levels: 
SE = ~ (2«6-1)E:rntr + EpH )/6d 
F_ - variance of interaction effect 
-lntr 
L - variance of insecticide effect 
-lns 
\H - variance of pH effect 
The formula for finding the SE for comparisons of an insecticide 
at one pH level with another insecticide at a different pH level was 
not straightforward. The interaction, as well as the main effects of 
insecticide and pH were all tested against different error terms 
because the main effects could not be randomized against one another, 
thus leading to a possible heterogeneity of variance. Therefore, in 
making comparisons between interactions across both main effects there 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
is no common error. 
41 
However, in Nair (1944) a formula was found, 
which. when results are interpreted conservatively. gives an 
approximation of the differences between insecticides at differeot pH 
levels: 
SE = ~ (2«9)EIntr + (3)E pH + 6(EIns))/18r) 
Regression analyses were performed 00 each insecticide-pH 
combioation with mortality regressed on the sample date. Graphs of the 
regression lines depict how mortality due to specific insecticides 
declined over time under different pH conditions. However. they do not 
reveal the importance of the relative differences or similarities of 
the slopes of the regression lines. Similar slopes for different pH 
levels imply that the decline in biological activity of an insecticide 
was essentially the same under those pH conditions. An indirect method 
was employed to measure significance of the differences in slope. 
The three pH levels were coded with numerical values of equal 
intervals (1,2,3) and pH was included as an independent variable in the 
general linear modelo In the computer aoalysis the mortalities were 
compared by multiplying the coded pH values with the orthogonal 
coefficients. Therefore. depending on the coding arrangement, 
significance of the difference between slopes of two pH levels cou1d be 
determined by the F-tests of the date by pH interaction. For linear 
comparisons, the orthogona1 coefficients of 1, 0, -1 compared the pH 
levels coded as 1 and 3. Specific comparisons could be made by 
changing 
could be 
the coding arrangement of the pH levels. A single pH 
compared to the combination of the other two levels 
level 
by the 
significance of the F-test for the interaction of date by the quadratic 
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effect of pH. With quadratic orthogonal coefficients of -1, 2, -1, 
combinations of pH levels coded as 1 and 3 were compared to the level 
coded as 2. Again, changing the coding arrangement of the pH levels 
altered the comparisons. 
Additional regression analyses were performed on the data from 
this study to further clarify which insecticides were more influenced 
by soil factors. First, models were developed to describe the change 
in mortality, over time, across all soils and pH levels. This was done 
by regressing mortality on the linear and quadratic effects of sample 
date. Then, values for the edaphological characteristics of each soil-
pH combination were incorporated into the models. The linear effect of 
sample date was included in all models and a stepwise regression 
procedure was used to add the soil variables. Because percent clay and 
sand were highly correlated, two sets of soil factor combinations, and 
their quadratic effects, were tested in the models: pH, percent sand 
and organic matter; pH, percent clay and organic matter. The optimum 
model was arrived at when the addition of another variable ceased to 
increase the R2 by more than 0.01 and the standard error no longer 
decreased. 
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RESULTS AND DISCUSSION 
1981 Fie1d Study 
Bio10gica1 activity of carbofuran and phorate dec1ined the most 
rapid1y. Morta1ity in the ch10rpyrifos treated soi1 was genera11y at a 
moderate 1eve1 with a slow decline but varied quite a bit from fie1d to 
fie1d. Isofenphos, terbufos, and fonofos produced the highest 
morta1ity for the 10ngest period of time. The 1atter two insecticides 
performed the most consistent1y across a11 fie1ds. 
Ana1yses of Variance 
Comparisons or morta1ity in the untreated check revea1ed that on 
two of the dates, 7 and 49 days post-treatment, there were significant 
(P=O.OS) differences between fie1ds. No pattern was apparent, and the 
average morta1ity, over a11 dates, in the untreated checks ranged from 
0.13 1n field F to 0.17 in fie1ds E, O, S, V, and W. 
The ANOVAs, both by fie1d and across fie1ds, indicated significant 
differences between insecticides on a11 dates. Tab1e 2-3 displays the 
insecticide mortality comparisons by date over a11 fie1ds. Differences 
were separated by DMRT. Carbofuran and phorate provided high levels of 
morta1ity initia11y but dropped off rapid1y for both insecticides. 
Ch1orpyrifos induced morta1ity was re1ative1y low in the early weeks 
but gradual1y increased and then dec1ined at a slow rateo The de1ay in 
activity may have been due to slow re1ease from the granules. 
Morta1ity 1n the isofenphos, terbufos and fonfos treated soi1 was 
initia11y high and remained so for eight to ten weeks following 
treatment after which it dec1ined at a steady rateo 
The ANOVA a1so revea1ed an insecticide by fie1d interaction. An 
R
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Table 2-3. Mean comparisons of bioassay mortality of third stage SCR larvae in soils treated with six 
different insecticides in 1981 field study.ll 
DAYS POST- 7 14 21 28 35 TREATMENT 
Material1111 Mean l-laterial Mean Material Mean Material Mean Material Mean 
T .97 a T .99 a T 1.0 a T .98 a T .97 a 
P .95 ab 1 .98 a 1 .99 a 1 .98 a 1 .95 a 
Ca .93 ab F .96 ab F .97 a F .95 a Cl .95 a 
F .91 ab P .92 b P .96 a Cl .93 ab F .93 a 
1 .98 b Cl .87 e Cl .90 b P .87 b P .86 b 
Cl .70 e Ca .73 d Ca .70 e Ca .66 e Ca .68 e 
DAYS POST- 42 49 56 63 70 TREATMENT 
Material Mean Haterial Mean Haterial Mean Material Mean Materiali/Mean 
T .98 a 1 .93 a 1 .94 a F .88 a F .77 a 
1 .97 a T .92 a F .94 a 1 .88 a 1 .61 b 
F .88 b F .86 ab T .92 a T .85 a T .55 b 
P .84 b Cl .79 b Cl .82 b Cl .80 a Cl .42 e 
Cl .81 b P .55 e P .52 e P .38 b P .16 d 
Ca .58 e Ca .25 d Ca .39 d Ca .21 e Ca .10 d 
DAYS POST- 77 84 91 98 109 TREATHENT 
Ma terial~/ Mean Haterial Hean Material Mean Material Hean Haterial Hean 
F .78 a F .66 a 1 .77 a F .63 a 1 .45 a 
1 .75 a 1 .58 a F .70 a 1 .57 a F .35 ab 
Cl .58 b el .45 b el .57 b el .47 b el .31 b 
T .50 b T .35 b T .44 e T .25 e T .15 e 
P .25 e P .21 b 
-i" 
-i" 
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Table 2-3. (cont.) 
DAYS POST-
TREATMENT 123 137 
1./ 
~/ 
1/ 
!Jj 
Material Mean Material Mean 
1 .34 a el .69 a 
el .30 a 1 .42 b 
F .23 a F .35 b 
T .17 a 
Means adjusted for mortality in checks by Abbott's (1925) formula and converted to decimal. 
Ca- carbofuran, el- chlorpyrifos, F- fonofos, 1- isofenphos, P- phorate, T- terbufos 
Means followed by same lower case letter are not significantly different at P=O.05 level by 
Duncan's multiple range test. 
In DMR test of data ~'itilOut Abbott's conversion, ea and P were not significantly different from the 
untreated check. 
~/ In DMR test of data without Abbott's conversion, P was not significantly different from the 
untreated check. 
.¡::.. 
U1 
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interaction of this nature genera11y negates any treatment comparisons 
across locations. Al1 computer analyses were conducted with the 
Statistica1 Ana1ysis System (SAS). SAS used the mean square error term 
as the denominator in the interaction test. This is an appropriate 
error term if the variance from fie1d to field is homogeneous. 
However, an F-Max test, as Jescribed by Soka1 and Roh1f (1969), 
indicated heterogeneity of variance in al1 the data but 56 through 91 
days post-treatment (Table 2-4). Therefore, a new test of the 
interaction was performed with the Weighted Chi-square test of Cochran 
and Cox (1957). The revised ana1ysis indicated that from samp1e dates 
7, 28, and 35 days post-treatment the insecticide by fie1d interaction 
was not significant (Tab1e 2-4). Thus, for most dates comparisons 
cou1d not be made between insecticides over a11 fields. The 123 and 
137 days post-treatment data were not inc1uded in the ana1yses because 
three fie1ds had been harvested and sorne insecticide treatments were 
not samp~ed in the remaining fie1ds on those dates. 
Further ANOVAs were performed for each date to compare the 
morta1ity in the different fie1ds for each insecticide. These analyses 
revealed which insecticides performed more consistently across all 
fie1ds. The analyses are summarized in Table 2-5. The decline in 
mortality, by insecticide and field, is graphical1y represented ~n 
Figures 2-2 through 2-13. 
Carbofuran: Mortality from carbofuran was most variable with 
significant (P=O.OS) differences between fields on 80% of the sample 
dates. This might have been because of previous carbofuran use in 
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TabIe 2-4. Heterogeneity of variance among fieIds and significance 
of insecticide by fieId interaction in anaIyses of data 
from 1981 fieId study. 
FIELD X 
DAYS POST- HETEROGENEITY INSECTICIDE 
TREATMENT OF VARIANCEY INTERAC1'IO~/ }j 
7 ** NS 
14 ** ** 
21 ** ** 
28 ** NS 
35 ** NS 
42 ** * 
49 ** ** 
56 NS *'1:* 
63 NS ** 
70 NS *,~* 
77 NS *** 
84 NS ,'c** 
91 NS ;,* 
98 ** '-k* 
109 ;, ;,* 
1/ _ F-Max test 
y - \\Teighted Ch-square test (significant F-Max) 
1/ - SAS ANOVA indicated all dates significant. 
*, **, *** - significant at P=Ü.05, 0.01, 0;001. 
NS - Non-significant 
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TabIe 2-5. Significance of differences in bioassay rnortality, of fieId 
means for indicated insecticides, by sampIe date, in 1981 
fieId study. 
Differences of Field Means 
INSECTICIDE 
DAYS POST-
TREATMENT 1 T F Ca Cl P 
7 NS NS NS NS NS NS 
14 ** NS NS *,. NS ** 
21 NS NS NS ** NS NS 
28 _NS NS NS ** NS NS 
35 NS NS NS ** NS NS 
42 NS ** NS ** i~ -le 
49 ** NS NS ** * "l~* 
56 NS NS NS * NS *,,< 
63 NS * i~* * ..¡,* *'#" 
70 "l: ** NS NS *,,< ** 
77 J. NS ** "'i'c-;'\ NS 
84 ¡'e * i:* ** *i, 
91 ** NS NS ,,<* 
98 'le·le NS NS ** 
109 ¡';* NS NS ** 
123 1c";', NS ** 
137 NS NS NS 
Ratio 9/17 4/15 3/17 8/10 10/17 6/11 
Percent 53 27 18 80 59 55 
Ca- carbofuran, Cl- chlorpyrifos, F- fonofos, 1- isofenphos, 
P- phorate, T- terbufos 
* *-/, - interaction significant, P=O.OS. 0.01. , 
NS - Non-significant 
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Figure 2-2. Change in bioassay mortality and concentration of carbofuran in the soil of 
fields E, F, H, and M in 1981 study. 
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Figure 2-3. Change in bioassay mortality and concentration of carbofuran in the soil of 
fields O, S, V, and W in 1981 study. 
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field F. 
53 
Ahmad et al. (1979) cited an examp1e of carbofuran fai1ure 
in a fie1d with a history of carbofuran use. 
fie1d F is a1so re1ative1y high. Fie1d O, 
However, the soi1 pH in 
which had the most rapid 
decline in biologica1 activity of carbofuran, has not on1y the highest 
pH (7.9), but an extreme1y high water tab1e, which may have resulted in 
movement of the more water soluble carbofuran out of the samp1ing zone. 
Caro et al. (1973), Getzin (1973), and Laveglia and Dahm (1977) point 
out that carbofuran degrades rapid1y through hydro1ysis at high pH. 
Caro et al. ·(1973) a1so indicated that carbofuran (with a water 
solubility up to 700 ppm) is rapid1y dissipated under high soi1 
moisture conditions. In a study by Gorder et al. (1982) carbofuran 
disappearance was not attributed to hydro1ysis or high leve1s of 
precipitation, a1though they acknowledged that it is readi1y 1eached. 
The bio10gica1 activity of ch10rpyrifos, isofenphos, and phorate 
in different fields was al so quite variable. 
Ch10rpyrifos: A combination of factors may account for the variabi1ity 
of ch10rpyrifos throughout the sampling periodo Organic matter is 
positively and highly correlated with adsorption and a reduction Ln 
bio10gica1 activity of many insecticides (Bai1ey and White 1964, Harris 
1972, Felsot and Dahm 1979). The three fields, M, V, and W (Figures 2-
4 and 2-5), in which bio1ogical activity of chlorpyrifos was maintained 
the 10ngest had the lowest leve1s of percent organic matter. Whitney 
(1967) indicated that Dursban (ch1orpyrifos) residual activity was 
affected by high organic matter and high clay contento Harris and Svec 
(1968b) and Harris and Turnbul1 (1977) found chlorpyrifos was less 
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Figure 2-4. Change in bioassay mortalíty and concentration of chlorpyrifos in the soíl of 
fields E, F, H, and M in 1981 study. 
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Figure 2-5. Change in bioassay mortality and concentration of chlorpyrifos in the soil of 
fields 0, S, V, and H in 1981 study. 
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effective in moist muck than moist sand. 
58 
Soi1 moisture appears to 
influence the bio10gica1 activity of ch10rpyrifos. Harris (1977) , 
Harris and Svec (1968a), Harris and Turnbu11 (1977) and Pike and Getzin 
(1981) found ch10rpyrifos to be less effective on dry surfaces. Pike 
and Getzin, however, attributed the 1055 in activity to c1ay activated 
hydro1ysis. Although fie1d O had relative1y high 1eve1s of organic 
matter, ch10rpyrifos activity r~~ained high. However, the soi1 
remained quite wet because of the high water table and irrigation. 
Thus, ch10rpyrifos may not have been high1y adsorbed and deactivated. 
Fie1d W, in which ch10rpyrifos activity was persistent, was a1so kept 
quite moist (Tab1e 2-1). 
Isofenphos: The variabi1ity of isofenphos appeared to be attributab1e 
to more rapid decline of bio10gica1 activity in fie1ds E and S and 
10nger persistence in fie1d W (Figures 2-6 and 2-7). No pattern of 
persistence, corresponding with the soi1 characteristics of the 
respective soi1s,. is apparent. However, studies by Chapman and Harris 
(1982) and Tashiro et al. (1982) indicate that there is greater 
activity and persistence of isofenphos in mineral soi1s compared to 
high organic matter muck soi1s. Both fie1ds E and S have high 1eve1s 
of organic matter. However, activity of isofenphos in fie1d O, a1so 
with a high 1eve1 of organic matter, was re1ative1y persistent. 
Phorate: A1though the bio1ogica1 activity of phorate dec1ined the 
fastest of the insecticides, it dropped off fas ter ~n fie1ds E and S 
(Figures 2-8 and 2-9). It is interesting to note that phorate had 
failed in the past, as a 1arvicide for the western corn rootworm (!h 
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Figure 2-6. Change in bioassay mortality and concentration of isofenfos in the soil of 
fields E, F, H, and M in 1981 study. 
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Figure 2-7. Change in bioassay mortality and concentration of isofenfos in the 80il of 
fields O, S, V, and W in 1981 study. 
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Figure 2-8. Change in bioassay morta1ity and concentration of phorate in the soi1 of 
fie1ds E, F, H, and M in 1981 study. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
100rr~~~~--------------------~~r-------------------------------" <. I , E H , 
80 
+ 
'\ 
" 
", 
, 
2+ "> .. : .. 
100
1 R =. 92 .. t ... 
.... 
el r 
>' 
f-t 
H 
~ 80 
~ 
O 
l:: 
f-t 60 
ffi 
U 
~ 
W 
Il< 40 
20 
+ 
........ + \ ') 7 
+ + ...... R~=. 7 
.... 
...... 
+ ...... 
20 40 
'.. 2 6 
+ '.. R =.6 ~ .. 
'r 
60 80 100 
F 
120 
+ 
·R2=.59 
.... + 
.... 
.... 
+ .... ,; 
.... + 
..... 
; 2 ::t 
• 
" 
.... 
.. 
+ ' .. 
..... 
.. ~ 2 
""R =.80 
+ .. , 
.. .. + 
.. .. 
20 
' ... ...... 
2 '" .. R =.98 , ..... 
... 
40 60 80 
DAYS POST-TREATHENT 
I 
M I 
100 120 
10 
8 
6 
4 
2 
10 
8 
6 
4 
2 
+ 
;:;:: 
Il< 
Il< 
O' 
~ 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Figure 2-9. Change in bioassay morta1ity and concentration of phorate in the soi1 of 
fie1ds O, S, V and W in 1981 study. 
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67 
virgifera LeConte), in other fie1ds farmed by the owner of these two 
fie1ds. 
Between samp1e dates there was considerable variation in mortality 
from phorate among the other fie1ds. Phorate is readily oxidized to 
phorate sulfoxide and phorate sulfone but the oxidation by-products are 
generally as toxic as the parent material (Harris and Chapman 1980). 
Although phorate, and its oxidative by-products, wil1 move slight1y 
through leaching (Harris 1969a, Schulz et al. 1973) it is more likely 
to be deactivated by adsorption (Harris and Chapman 1980, Menzer et al. 
1970, Patterson and Rawlins 1968). Alternately wetting and drying of 
the soil may have resulted in variation of phorate avai1ability between 
fields and dates. 
Biological activity of fonofos and terbufos appeared to decline at 
moderate, but steady rates with the least differences between fields. 
Fonofos: On two of the three sample dates for which there were 
significant differences of morta1ity between fie1ds in the fonofos 
treated soils, fie1d F was significant1y different from the remaining 
seven fields. However, no pattern of specific characteristics 
responsib1e for the differences, was apparent. The decline of 
morta1ity due to fonofos, in individual fie1ds is depicted in Figures 
2-10 and 2-11. 
Terbufos: Mortality from terbufos declined at a uniform, steady rate 
(Figures 2-12 and 2-13). On only four sample dates were there 
significant differences in mortality between fie1ds. For one of these 
dates, 42 days post-treatment, the range in mortality was on1y 0.08. 
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Figure 2-10. Change in bioassay morta1ity and concentration of fonofos in the soi1 of fie1ds 
E, F, H and M in 1981 study. 
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Figure 2-11. Change in bioassay mortality and concentration of fonofos in the soil of 
fields O, S, V, and W in 1981 study. 
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Figure 2-12. Change in bioassay mortality and concentration of terbufos in the soil of 
fields E, F, H, and M in 1981 study. 
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Figure 2-13. Change in bioassay morta1ity and concentration of tt~bufos in the soi1 of 
fie1ds 0, S, V, and W in 1981 study. 
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76 
On the remaining three dates the mortality was reduced for fields E and 
F. However, the soil characteristics of these two fields are not 
distinctly different from sorne of the other soils, in which higher 
mortality levels were maintained, and factors effecting the biological 
activity could not be identified. 
Regression Analyses 
The regression models included only soil factors that were not 
correlated. Correlation coefficients are presented in Table 2-6. Soil 
pH and percent organic matter were highly correlated. Significant 
correlation coefficients between percent clay, silt, and sand preclude 
using more than one textural component in the modelo Neither pH or 
percent organic matter were correlated with any of the soil textural 
effects. 
The selected models, for each insecticide, are presented in Table 
2-7. The basic model, including only the sample date components, is 
included for comparing improvements gained by adding the soil effects. 
Figure 2-14 graphically presents the decline in mortality over al1 
fields, and is comprised of the linear and quadratic effects of sa~ple 
date. 
Table 2-7 indica tes the optimum model for terbufos includes only 
the date components. In this study the persistence of biological 
activity of terbufos was apparently unaffected by soil factors. The 
inclusion of percent sand, clay, and organic matter and pH ln the 
models for fonofos, isofenphos, and phorate increased the R2 by 0.05 or 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
77 
TabIe 2-6. Correlations of soil characteristics in 1981 fieId study. 
% % % % 
pH O.M. CIay SiIt Sand 
~ 1.0 .84 -.014 .265 -.188 
% O.M. 1.0 .359 .363 -.377 
% CIay 1.0 .819 -.984 
% Sand 1.0 
PO.05 .707; PO.01 .834 
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Table 2-7. Optimum regression models describing the effects of post-treatment sample date and soil 
characteristics (compared to sample date alone) on bioassay mortality in 1981 field study. 
HODELl./lJ 
Carbofuran 
1 M = 0.9224 - (0.007122)D - (0.000066)D2 
2 M = 2.19 - (0.011981)D - (0.333211)S2 - (0.164234)P 
Chlorpyrifos 
1 M = 0.9154 - (0.002231)D - (0.000021)D2 
2 M = 1.4005 - (0.005307)D+ (1.808829)S - (1.98946)S2 - (0.015296)P 2 
Fonofos 
M = 0.9267 + (0.002439)D - (0.00006)D2 
2 }! = 0.9829 + (0.002342)D - (0.000062)D 2 + (1.175867)S - (1.451542)S2 - (0.004478)P 2 
Isofenphos 
1 M = 0.9811 + (0.000253)D - (O.OOO042)D L 
2 }[ = 1.1713 + (0.000324)D - (0.000044)D2 + (2.60714)C - (9.073976)C2 - (0.00638)P2 
Phorate 
1 M = 0.9789 + (0.000212)D - (O.OOOI44)D2 
2 t! = 1.1496 + (0.OOI028)D - (0.OOOI58)D2 + (1.031912)S - (0.983306)S2 - (0.05786)P 
Terbufos 
M = 1.0062 + (0.001836)D - (0.000092)DL 
2 M = 1.0062 + (0.001836)D - (0.000092)D 2 
1/ 
tlodel 1 - includes only days post-treatment, linear and quadratic effects 
nauel 2 - includes soil factors as Hell as days post-treatment 
R2 Standard 
Error 
.38 .300 
.53 .264 
.22 .337 
.38 .301 
.42 .250 
.47 .239 
.31 .289 
.36 .280 
.53 .244 
.56 .237 
.62 .233 
.62 .233 
2/ tl- lIlortality, as decimal; D-days post-treatment; C- % clay, as decimal; S- % sand, as decimal; P- pI! 
~ 
ro 
R
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Figure 2-14. Average change in bioassay rnortality due to insecticide treatments, over all 
fields. in 1981. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
100 
80 
:>, 
.~60 
.-j 
C\l 
.¡J 
H 
.9. 
.¡J 
~ 
C1l 
~ 40 
C1l 
p, 
20 
Carbofuran --_.~. I::. .... ·~~~·~V ... ~ ...... _ 
• ~ -.,¡ ...... '" ~.),~Jl.}.) 
''''''-<C, " . "'~ ~. '~Jl.') 
. '-"--':~ o , 'l • • ),~ ~""<~,. . .........• , I\~~ 
"'", ',~ '>t\,,,,,-,,. •. '-. '. "~c. 
"'", "'~,,~ .' <'('(. ~6. .\;.:",,, '" . . ~,### 
9 """ ~~ ., '~~ '. , ,######. 
~\\\" ,### ~.. ' •• , .'.. ~##. 
. + .... ~#. 
' "\, • , #####. ~.. + "". • ••• 
• , 'lii\1,~, ###. ~   
'\j\" #, 
'.. ., \ ¡'\~"'i~:,,' "###,' 2 _ 31 
• '" '. R -, ~ , ~. ~ + " ... R2~,22 
" \ " ? ~" +, 1, R-~,42 , . 
" rr2=.53 
Chlorpyrifos H'.\W~~"",_i<J;",, 
Fonofos 
Isofenphos 
Phorate 
Terbufos 
') 
R~=.3S 
~""'" 
••••••••••••••••• 
••••••• 
-._ .. 
20 40 60 80 100 120 140 
Days Post-Treatment 
00 
o 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
less. 
81 
Direct effects of soil factors on the biological activity of 
these insecticides was apparently negligible. 
An additional 15 and 16% of the variation in the carbofuran and 
chlorpyrifos models, respectively, was explained by adding soil factors 
to the modelo Percent sand and pH were the factors included in the 
optimum models for both insecticides. The absence of the quadratic 
effect of date indica tes that the decline in biological activity was 
linear. 
Either the linear or quadratic component of the pH effect had 
negative partial regression coefficients (b) in each modelo Such a 
relationship implies that mortality declined as pH increased. Thus, 
soil pH had an influence on the biological activity of carbofuran and 
chlorpyrifos. 
The negative b-value for the quadratic effect of sand in the 
carbofuran model demonstrates tbat mortality is reduced as ¿ercent sand 
increases in tbe soils. Because percent sand was negatively and higbly 
correlated with percent clay tbis relationsbip indirectly implies tbat 
mortality increases as clay content increases. This is furtber 
supported by two other models, not presented here, which had positive 
b-values for percent clay. The textural effects may actually reflect 
the influence of soil moisture. Sandy soil will hold less water than 
clay soil and as water moves down tbrough tbe soil profile it will 
carry tbe relatively highly water soluble carbofuran out of the 
sampling zone. 
Root Ratings 
In fields F, V, and W mean root ratings (RR) in the untreated 
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check were not greater than 2.5 (on a sca1e of 1-6), so the remaining 
treatments were not eva1uated. In field E the untreated p10ts averaged 
3.2 but no RR in the insecticide treated p10ts exceeded an average of 
2.4. Root ratings in the untreated plots of fie1d M averaged 4.0. 
No insecticide treatments received ratings greater than 2.50. RR from 
the insecticide treated plots were significantly different (P=O.OS) 
from the untreated check but there were no significant differences in 
ratings between treatments. 
In fie1d O roots from the carbofuran treated soi1 had an ~verage 
rating of 3.0, whi1e the untreated check was rated 2.83. Ana1ysis 
revealed that isofenphos (RR=1.25) was significant1y different (P=O.OS) 
from the untreated and carbofuran, but means of these three treatments 
were not significantly different from the other insecticides. 
The ratings in untreated p10ts of fie1d S averaged 3.75. 
Ch1orpyrifos produced a 2.5 and phorate a 2.67 average RR. However, 
none of the treatments or untreated check were significant1y different. 
Chemica1 Assays 
Results of chemical assays for insecticides in the soi1 samp1es 
and the bioassay morta1ity data from the corresponding fie1ds and 
samp1e dates were compared to determine the degree that bio1ogica1 
activity reflected the insecticíde concentration. Probit ana1yses were 
conducted for each insecticide-fie1d combination. Materia1s measured 
in the chemica1 ana1yses consisted of the toxic metabo1ites as we11 as 
the parent ~aterial. Concentration of insecticide ~n the soí1 
represented dose in the probit ana1yses and response was the 
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corresponding bioassay mortality. 
time created the dosage le,fels. 
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The decline in concentration over 
Results of the probit analyses are 
presented in Tables 2-8 through 2-13. The LeSO' LC 90 , and LC 9S 
represent the concentration of insecticide in ppm of dry soil weight. 
Lethal concentration (LC) levels presented here are considerably 
higher than results from other studies conducted by the author (Chapter 
3). Due to the lack of control over insecticide concentrations some 
improbable results occurred. The range of "dosages" may not have been 
enough to create an accurate regression line and extrapolation in some 
cases produced negative LC SO values. The regression line for 
chlorpyrifos in field V actually had a negative slope, implying, quite 
unrealistically, that as insecticide concentration decreased, morta1ity 
increased. Because there was duplication in dosage leve1s, the degrees 
on freedom for several of the carbofuran ana1yses are erroneous1y low. 
However, except for terbufos, the non-significant Chi-square tests 
indicate that the probit 1ines genera11y fit the data we11. 
Tables 2-8 through 2-13 a1so include corre1ations between the 
bioassay mortality and insecticide concentrations. The two 
insecticides that first lost bio1ogica1 activity, carbofuran and 
phorate, had significant (P=O.OS) positive corre1ations in seven of the 
eight fie1ds. No other patterns or relationships were apparent. 
Terbufos, which performed the most consistent1y over al1 fields, had 
negative correlations in half the fields. However the LC values were 
lowest fQr terbufos. If concentrations were considerab1y greater than 
necessary to receive maximum bio1ogical activity, slight variations 
occurring at high levels of morta1ity associated with steady declines 
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TabIe 2-8. Surnmary of probit analyses and correlations reIating 
bioassay mortality of third stage seR Iarvae to chemical 
analyses of carbofuran in the soil. 
Field 
E 
F 
H 
M 
o 
s 
v 
w 
P b" An 1 " 17 ro ~t a ys~s-
PPHof dry soil 
LeSO Le90 LC 95 df~/ 
2.579 6.619 7.765 6 
.436 .849 .966 4 
.735 2.450 2.936 7 
1.221 2.679 3.118 7 
.663 1.641 1.918 1 
1.459 4.441 5.287 6 
.179 .762 .927 6 
.646 1.847 2.188 8 
Chi 
square 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
Correlation.V 
PPM-mortality 
.727* 
.807** 
.693 
.861** 
.888** 
.748* 
.785** 
.802** 
Overalll/ .905 3.257 3.924 48 NS 
1/ 
2/ 
3/ 
4/ 
Probit analyses - PPH from chemical analysis as dose: mortality 
from bioassay as response, from same date as chemical analysis 
PPM data. 
*, ** - Correlation significant at P=0.05, 0.01. 
Overall probit analysis from data combined over all fields. 
Degrees of freedom less than (n-2) because of same dose for 
more than one observation. 
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Table 2-9. Surnmary of probit analyses and correlations relating 
bioassay mortality of third stage SCR larvae to chemical 
analyses of chlorpyrifos in the soil. 
Probit Analysisll Correlationl/ 
PPM of dr:z:- soil Chi 
Field LC50 LC90 LC 95 df square PPM-mortality 
E 1.208 4.752 5.757 7 NS .728* 
F 2.735 9.006 10.784 7 NS .669* 
H .459 5.399 6.799 7 NS .577 
M -8.654 6.015 10.174 8 NS -.269 
O 1.477 8.315 10.254 8 NS .441 
S 3.297 6.927 7.956 7 NS .610 
V!!./ 20.570 -15.668 -25.941 7 NS -.341 
W -10.743 5.212 9.735 5 NS .216 
OveralJ2/ .941 6.76 8.41 49 NS 
l/ Probit analysis - PPM from chemical analysis as dose: mortality 
from bioassay as response, from same date as chemical analysis 
PPM data. 
~/ * ** - Correlation significant at P=0.05, 0.01. 
1/ Overall probit analysis from data combined over all fields. 
~/ Probit line with negative slope. 
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Table 2-10. Surnrnary of probit analyses and correlations relating 
bioassay mortality of third stage SCR 1arvae to chemical 
analyses of fonofos in the soil. 
Probit AA 1 . 11 a :¿sJ.s- C l' 21 orre atJ.on-
PPM of d~_ soíl Chi-
Field LeSO Le90 LC95 df square PPM-mortality 
E .516 5.426 6.818 8 NS .688* 
F -.822 10.915 17.242 8 NS .392 
H 1.215 5.401 6.588 5 NS .803* 
M 1.046 3.126 3.715 7 NS .825** 
o 1.574 5.451 6.550 6 NS .860** 
S -2.905 8.551 11.799 7 NS .459 
V .635 3.823 4.727 7 NS .806** 
W -1. 710 3.598 5.103 4 NS .839** 
Overal1.1/ -.322 6.12 7.95 64 NS 
11 Probit analysis - PPM from chemical analysis as dose: morta1ity 
from bioassay as response, from same date as chemica1 ana1ysis 
PPM data. 
21 * , ** - Correlation significant at P=0.05, 0.01. 
31 Overall probit analysis from data combined over al1 fie1ds. 
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Table 2-1l. Summary of probit analyses and correlations relating 
bioassay mortality of third stage SCR larvae to chemical 
analyses of isofenphos in the soil. 
P b· An 1 . 17 ro lt" a yS"lS- Correlation~/ 
PPM of d!:i: -soil Chi-
Field LC50 LC90 LC95 df square PPM-mortality 
E 2.930 9.323 11.136 8 NS .792** 
F .365 6.221 7.881 6 NS .803* 
H 2.380 6.047 7.086 7 NS .786* 
H -13.418 15.363 23.521 8 NS .148 
O -3.007 9.250 12.725 7 NS .490 
S 3.933 8.921 10.335 7 NS .796* 
V -.059 5.869 7.550 8 NS .467 
W -9.328 4.815 8.824 8 NS .384 
Overall~/ 1. 364 7.391 9.100 70 NS 
!/ Probit analysis - PPM from chemical analysis as dose: mortality 
from bioassay as response, from same date as chemical analysis 
PPM data. 
1/ *, ** - Correlation significant at P=0.05, 0.01. 
2/ Overall probit analysis from data combined over all fields. 
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Table 2-12. Surnmary of probit analyses and correlations relating 
bioassay mortality of third stage SCR larvae to chemica1 
analyses of phorate in the soil. 
Prabit 1 . 11 Ana ySlS- Correlation~/ 
.PPM óf dn: soil Chi-
Field LeSO LC90 LC95 df square PPM·-mortal 1. ty 
E .926 2.064 2.386 6 .0001 .798* 
F .606 4.533 5.646 7 NS .794* 
H 1.017 6.807 8.449 7 NS . 680'~ 
M 1. 341 2.846 3.727 7 NS -.829** 
o 1. 478 3.907 4.596 7 NS .741* 
S 1.210 3.735 4.450 7 .0001 .731* 
V .840 2.762 3.307 8 NS .906** 
W 1.560 3.909 4.575 6 NS .781* 
Overall1/ 1.14 3.94 4.74 66 NS 
II Probit analysis - PPM from chemical analysis as dose: mortality 
from bioassay as response, from same date as chemical analysis 
PPM data. 
2:./ * ** - Correlation significant at P=O.OS, 0.01. 
11 Overall probit analysis from data combined over all fields. 
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Table 2-13. Surnmary of probit analyses and correlations relating 
bioassay mortality of third stage SCR larvae to chemical 
analyses of terbufos in the soil. 
Probit Ana~ysisl7 
PPM of dry soil 
Field LC50 LC90 LC 95 
E 1.124 2.595 3.011 
F .929 2.224 2.592 
H .376 1.492 1.808 
M .846 2.20 2.583 
o .823 1.796 2.073 
s .586 2.736 3.346 
v .255 1.001 1.213 
w .934 3.306 3.979 
Overall~/ .6133 2.21 2.64 
df 
9 
8 
7 
8 
7 
7 
6 
6 
60 
Chi-
square 
.0001 
NS 
.0005 
.0001 
NS 
NS 
HS 
NS 
.0001 
Correla tion.~/ 
PPM-Mortality 
-.397 
.476 
.840** 
-.151 
.812** 
-.353 
-.164 
11 Probit analysis - PPH from chemical analysis as dose; mortality 
from bioassay as response, from same date as chemical analysis 
PPM data. 
'!:...I * , ** - Correlation significant at P=0.05, 0.01. 
31 Overall probit analysis from data combined over all fields. 
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in concentration may produce poor correlations. However, poor 
correlations (and high LC levels) may be due to adsorbed insecticide 
that can be extracted for chemical analysis but is biologically 
unavailable. 
Figures 2-2 through 2-13 graphically represent the changes, over 
time, in biological activity and insecticide concentration for each 
insecticide and field combination. The R2 values represent how well 
the curves fit the means of the sample dates. 
The slopes of the mortality and insecticide cOficentration curves 
are always negative and the lines are sometimes parallel. Generally 
the ppm curve is linear or has a slight positive curvilinear effect and 
mortality curve is negatively curvilinear. Though the insecticide 
concentration 
corresponding 
declines at a steady rate, at the higher 
mortality may remain near 100% despite large 
levels the 
reductions 
in concentration. However, as the concentration decreases to less than 
critical levels (LC100) mortality declines, and small changes in 
concentration may produce large changes in mortality. Thus, a linear 
decline in concentration may produce a negative curvilinear reduction 
in biolog~cal activity. 
1982 Field Study 
pH Modification 
Reduction of soil pH through the addition of elemental sulfur 
proved to be successful. However, the addition of lime did not 
increase the pH to the extent that it was reduced by sulfuro Figure 2-
15 presents the average pH levels, throughout the sampling period, 1n 
the lime, sulfur, and untreated plots of soils of three different 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Figure 2-15. Average pH 1eve1s, throughout samp1ing period, of p10ts r~ceiving lime and 
su1fur app1ication and no treatments, in si1ty c1ay loam (clay), loam, and 
sandy loam (sand) soi1s in 1982 fie1d study. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
92 
N 
I tII I ~ I N I tII ~ C""l I I I tII ~ I 
I ~ I ~ I tII I ~ I tII ~ I 
• 
tII I ~ I 
I tII I ~ 
I 
tII I ~ I I tII I ~ I I tII I ~ 
I 
I , ~ I 
I tII I ~ I 
I tII I ~ I , I , I N I ~ 
• 
.. I ce 
I I .- , N 
I I • .- I ~ I I 
, .- I , 
I , .- I , I .-I , .- I ~ I I , .- I , I I , .- I 
, 
I I .-
, 
I I 
, 
.- I ~ 
I , .- I , I I , .- , CJ 
I .- , + .u I ~ I 0\ ('J I I , , ..::rO 
I , , N , I , t:: I , , I , ~ 
• 
, , ",.., 
• 
, , I , .-i , , I :l 
• 
, , -¡ 
, , , I , , I I , , 
, 
, I , I , , I , I , , , , I I , , 
• 
, , I , 
• 
, , I , 
, , I , I I , I , + , , N 
I , ~ , , 
'. 
O 
I , , N , , tt , , , , , , + •• 1 I , 0\ 4, , I t ce 
I , , I • 
...... , 
I , • + • '..l • , 1 • • 
0\ 
• 
, r---, 
-
,
...... , 
- • 
, , 
- • 
, , , 
- •• t , ce \O 
...... 
r--- \O U"\ ..::r r-- \O U"\ -;r r--- \O U"\ -;r 
puC?S - Hd ure0'I - Hd ÁC?T::l - Hd 
• T86T ._-- aw~'I !- ~;:¡aqJ +T86T .......... " .lnJTns 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
93 
textural classes. Included in the portion of the figure representing 
the clay soil are the modified pH levels from the 1981 trials to change 
pH. 
Analyses of Variance 
In this study there was no direct influence of soil texture on the 
change in biological activity of the insecticides applied to the soil. 
However, there was some evid~nce that the more water soluble carbofuran 
was leached from the surface soil, particularly from the coarse 
textured soils with lower water holding capacity. 
Table 2-14 summarizes the ANOVAs of treatments for the 13 samp1e 
dates. On the four dates with significant differences between soi1s, 
the mortality was greatest in the sand and least in the si1ty clay 
loam. A1though there was generally little effect of soil texture 
alone, activity of the insecticides appeared to be lower in the finer 
textured soi1s. 
Differences among the insecticides were highly significant 
(P=O.001) on a11 dates. During the first 15 weeks following treatment, 
the reduced mortality in phorate treated plots was significantly 
different from the other insecticides. Fonofos provided the greatest 
mortality throughout the sampling periodo On some dates other 
insecticides produced a s1ightly greater percent mortality, but they 
were not significantly different from fonofos. The relative overa11 
decline in biologica1 activity is depicted in Figure 2-16. Three weeks 
f0110wing app1ication, on1y ch1orpyrifos and fonofos produced 90% 
mortality. One month after app1ication none of the insecticides 
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Table 2-14. Sunnnary of analyses of variance on third seR 94 stage 
mortality in bioassay of insecticide treated soils in 
1982 field study. 
.._--_._. 
Number of Days After Insecticide Application 
Effect 7 14 21 31 41 51 61 71 82 93 107 119 134 
Soil X X X " A 
Insecticide X X X X X X X X X X X X X 
pH X X X X X X X X X 
Insecticide 
x Soil X X X X 
pH x Soil 
pH x Insecticide X X X X X X X X X X X 
pH x Insecticide 
x Soil X X X 
X - Effect is significant at the 0.05 probability level. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Figure 2-16. Average change in bioassay rnorta1ity due to insecticide treatrnents, over a11 
soi1s and pH 1eve1s in 1982 fie1d study. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
100 Carbofuran .......... .. I Chlorpyrifos ; --
80 
.G 60 
'..-i 
r-l 
ro 
.IJ 
H g 
.IJ 
¡j 
~ 40 
H 
Cll 
p, 
20 
\ro. .. __ 
Fonofos """,., .. , --
--
--
Isofenfos ••••••••••••••••• 
~~ 
~~ 
~, 
" 
" 
20 
Phorate 
-------Terbufos ._.-. " \, 
-
" 
., " 
. '" 
" 
, 
'\ 
• ,##### , 
### 
### 
., ##. ~ \ 
- ~## \ 
"'" , , , , , 2 
" ~~ 
~, 
~~ 
., . ""'" ', ........ " ....... "" R2~·33 
" . "" , R ~. 2 7 ., *#". ### 
• '### ~ #'" 
'..... """" 
" 
40 
" 
" 
" 
60 
~. "# 
..... '" 2 ~ ....... ~ ..:::..~- R ~.49 
--..--. '" 2 
'#" R =.41 
' ........ -. R2=.56 
R2=.40 
--
8Q 100 120 140 
Days Post-Treatment 
i 
\O 
0\ 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
97 
resulted in at least 90% mortality. However, 10 weeks after treatment, 
mortality from carbofuran, fonofos, and isofenphos was approximately 
50%. Over 30% mortality was achieved in soil from the carbofuran, 
chlorpyrifos and fonofos treated plots 19 weeks after application. 
There were significant differences in mortality among the pH 
levels on 10 of the 13 sample dates. Mortality was the greatest in the 
sulfur treated plots on seven of the dates and the other three times 
the lime plots had the highest mortality. 
Although there were significant insecticide by soil interactions 
on four of the dates, no obvious trends were apparent. However, 
fonofos more consistenly had lower mortality in finer textured soils, 
but it was equivalent in the silty clay loam and loam. Carbofuran more 
often reversed this pattern, particularly on the later sampling dates 
when mortality in the sand declined. The relative decrease in 
mortality in the sand may have been due to the high solubility of 
carbofuran and the increased liklihood of leaching from the 10 cm 
sampling zone. 
Carbofuran Leaching Study 
A study was conducted, 78 days after treatment, to measure the 
extent that carbofuran had leached in the different soils. Biological 
activity ~n the surface soil (0-10 cm) and sub-soil (10-20 cm) of 
carbofuran treated plots and the untreated check were compared ~n the 
three different soils. Only plots that did not receive lime or sulfur 
applications were included in this study. 
DMRT results are presented in Table 2-15. 
Bioassay mortality and 
Mortality in the surface soil of the silty clay loam was 
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TabIe 2-15. Hortalities of third stage SCR Iarvae in 1982 bioassay of 
surface soil and sub-soil samples taken from carbofuran 
treated pIots in three soils of varying textures. 
Silty Clay Loam Loam SarLdy Loam 
Sample Hortality* Sample Hortality* Sample Hortali tyic 
0-10 cm .519 a 1-10 cm .627 a 0-10 cm .489 a 
10-20 cm .259 b 10-20 cm .288 b 10-20 cm .298 a 
Untreated .109 b Untreated .090 c Untreated .087 b 
* Means followed by the same letter are not significantly different 
at P=0.05, by Duncan's multiple range test. 
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significantly 
different from 
different from that in the sub-soil which was 
the mortality in the untreated. In the sandy 
99 
not 
soil, 
however, mortality in the 10-20 cm level soil was not significantly 
different from that in the top 10 cm, indicating some of the carbofuran 
had translocated to the sub-soil. In the loam, with a texture 
intermediate between tbe other two soils (Table 2-2), tbe significant 
difference in mortality between tbe untreated and the sub-soil samples 
indicates some translocation to that level. However, the significant 
difference in mortality between the surface and sub-soil samples 
suggest tbat the degree of illuviation of carbofuran in the subsoil, 
relative to tbat in the loamy sand, was not as great. 
Mean Comparisons of pH by Insecticide Interaction 
Duncan's multiple range test was performed on the insecticide by 
pH combinations for each sample date. The DMRTs for each date are 
combined and presented in Table 2-16. Significant differences (P=O.OS) 
in comparisons between insecticide-pH combination are based on the 
appropriate standard errors. 
Close examination by sample date reveals how the individual 
insecticide's biological activity was influenced by pH. 
Carbofuran: Only after 93 days following insecticide application was 
mortality in the lime treated plots low enough to be significantly 
different from the sulfur treatments for carbofuran. Although this 
pattern held for the final four sample dates, it was expected much 
earlier because carbofuran is recognized as being increasingly 
hydrolyzed as pH increases (Caro et al. 1973, Getzin 1973, Ahmad et al. 
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Table 2-16. Hean comparisons of third stage SCR bioassay mortality for 
insec ticides and soil pH combinations in 1982 field study. 
7 Days Post-Treatment 14 Days Post-Treatment 
pH- pH-
insecticidel/ 
eombination- Mortality DMRT~/ 
insecticide / 
combination.!. Hortality 2/ DHP3-
S-Ca .688 a 8-P .417 a 
S-p .719 a C-P .713 b 
C-Ca .80 ab S-1 .720 b 
L-Ca .803 ab S-Ca .822 be 
L-P .845 be L-Ca .827 bed 
S-1 .845 bc S-T .841 ed 
C-P .849 be L-CI .851 ed 
S-CI .878 bc L-P .900 ed 
L-CI .889 be C-Ca .906 ed 
L-F .914 be C-CI .915 ed 
C-F .926 be C-T .926 ed 
S-F .931 e L-F .940 ed 
L-1 .935 be S-F .941 ed 
C-1 .939 e C-F .943 ed 
C-T .945 e C-1 .952 ed 
C-CI .946 e S-CI .956 d 
S-T .946 e L-1 .957 d 
L-T .949 e L-T .959 d 
21 Days Post-Treatment 31 Days Post-Treatment 
pH- pH-
insectieide DMRT~/ insectieide DMRT~/ eombinationl./ Hortality combina tion.!./ Mortality 
S-P .472 a S-P .342 a 
S-T .587 ab S-T .362 a 
C-P .596 ab L-CI .376 a 
L-P .598 ab C-P .416 ab 
S-1 .603 ab S-1 .478 ab 
C-1 .718 be L-P .542 abe 
S-Ca .792 ed C-F .601 bed 
C-Ca .838 ed C-T .701 ede 
C-T .854 ed S-Ca .716 edef 
L-1 .855 ed C-CI .722 edefg 
L-Ca .856 ed C-1 .762 defg 
S-F .872 ed L-F .766 defg 
L-CI .888 ed L-Ca .838 efg 
L-T .890 ed S-F .842 efg 
L-F .915 d S-CI .849 efg 
C-F .932 d C-Ca .889 efg 
C-CI .936 d L-1 .914 fg 
S-CI .943 d L-T .920 g 
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Table 2-16. (eont.) 
41 Days Post-Treatment 51 Days Post-Treatment 
pH- pH-
inseetieide inseeticide1/ 
eombination]/ Hortality DMRT1/ eombination- Hortality DMRT1/ 
--
C-P .120 a L-P .050 a 
L-P .134 a C-P .093 ab 
S-P .144 a L-Cl .291 be 
S-T .231 ab S-P .407 ed 
C-T .344 abe S-1 .419 ed 
S-1 .423 bede S-T .456 ede 
L-Cl .440 bed L-Ca .478 ede 
C-Cl .463 edef C-Ca .529 def 
C-1 .628 def L-T .534 defg 
L-F .674 f L-F .571 defg 
S-Ca .686 f C-F .588 defg 
C-F .700 f C-T .613 defg 
S-CI .706 f S-Ca .614 defg 
L-Ca .732 f C-Cl .640 defg 
C-Ca .734 f C-1 .688 efg 
L-T .757 f S-F .727 fg 
L-1 .810 f L-1 .732 fa o 
S-F .845 f S-Cl .835 g 
61 Days Post-Treatment 71 Days Post-Treatment 
pH - pH -
inseetieide / 
DHRT1/ 
insee ticide / m1RT~/ eombination1 Hortality eombination1 Mortality 
-_.-
L-P 0.000 a C-P .011 a 
C-P .130 ab L-P .013 a 
L-Cl .140 ab S-P .068 a 
C-T .180 ab L-Cl .119 ab 
S-P .196 ab S-T .276 abe 
S-T .235 ab C-T .280 abe 
S-1 .360 be C-CI .368 bed 
L-T .362 bed L-T .370 bed 
C-Ca .499 ede C-F .374 bed 
S-Ca .530 edef L-Ca .381 bed 
C-F .561 edef L-F .409 cd 
L-F .574 cdef S-1 .439 cd 
L-Ca .577 cdef L-1 .524 ede 
S-F .614 defg C-Ca .531 cde 
C-Cl .627 efg C-1 .638 de 
C-1 .670 efg S-F .643 de 
S-CI .766 fg S-Cl .763 e 
L-1 .845 g S-Ca .764 e 
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Table 2-16. (eont.) 
82 Days Post-Treatment 
pH-
inseetieide 
eombinationl/ Mortality DMRT1/ 
C-P 
L-P 
L-Cl 
L-T 
8-P 
C-T 
L-Ca 
C-F 
C-1 
8-1 
C-Cl 
L-1 
C-Ca 
8-T 
L-F 
S-Ca 
S-F 
S-Cl 
.106 
.121 
.210 
.228 
.253 
.285 
.310 
.348 
.353 
.367 
.383 
.433 
.434 
.441 
.557 
.594 
.676 
.855 
a 
ab 
abe 
abe 
abe 
abe 
abe 
bed 
bed 
bed 
ed 
ed 
ed 
ed 
de 
de 
ef 
f 
107 Days Post-Treatnent 
pH-
inseetieide 
eombinationl.l Nortali ty m1RT1~ 
L-P 
C-T 
C-P 
L-Cl 
L-1 
C-1 
L-Ca 
L-T 
C-Ca 
S-P 
S-1 
C-Cl 
8-T 
C-F 
L-F 
S-Cl 
S-Ca 
S-F 
0.000 
.013 
.034 
.050 
.091 
.099 
.113 
.116 
.162 
.163 
.207 
.224 
.250 
.282 
.326 
.472 
.539 
.617 
a 
a 
ab 
abe 
abed 
abed 
abede 
abede 
abedef 
abedef 
bedef 
edef 
def 
ef 
fg 
gh 
h 
h 
102 
93 Days Post-Treatment 
pH-
inseeticide1/ 
eombination- Hortality DHRT1/ 
C-P 
L-P 
L-Cl 
S-P 
S-T 
L-Ca 
C-T 
C-F 
C-Ca 
C-1 
L-1 
L-F 
L-T 
C-Cl 
S-1 
S-Cl 
S-F 
S-Ca 
.017 
.037 
.094 
.130 
.169 
.326 
.357 
.361 
.416 
.424 
.427 
.430 
.440 
.474 
.504 
.534 
.536 
.671 
~_P3YS Post-Treatment 
pH-
inseetieide 
a 
a 
ab 
abe 
abed 
bede 
ede 
de 
def 
def 
def 
def 
def 
ef 
ef 
ef 
ef 
f 
eombination.!/ ~1ortality DHRT1/ 
C-P 
L-Cl 
L-P 
C-Ca 
L-T 
C-1 
L-Ca 
L-1 
S-T 
C-F 
C-T 
S-P 
S-1 
L-F 
C-Cl 
S-F 
S-Cl 
S-Ca 
.019 
.079 
.093 
.126 
.129 
.133 
.134 
.136 
.168 
.179 
.186 
.212 
.234 
.267 
.362 
.492 
.537 
.574 
a 
ab 
ab 
ab 
ab 
ab 
ab 
ab 
abe 
abe 
abe 
abe 
abe 
be 
ed 
de 
de 
e 
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Table 2-16. (eont.) 
134 Days Post-Treatment 
pH-
inseetieide 
eombination.U Hortality DHRT~/ 
C-P 0.000 a 
L-1 .027 a 
L-Cl .034 a 
L-P .045 ab 
L-Ca .049 ab 
C-T .097 abe 
L-T .129 abe 
C-1 .147 abe 
S-P .192 abe 
C-F .218 abe 
5-T .244 abe 
S-1 .294 be 
C-Ca .295 e 
L-F .312 e 
C-Cl .328 e 
S-F .566 d 
S-Ca .574 d 
S-Cl .699 d 
1/ First letter: C- check, L- lime treatment, S- sulfur treatment 
Seeond letter: Ca- earbofuran, CI- ehlorpyrifos, F- fonofos, 
1- isofenphos, P- phorate, T- terbufos 
1/ Means follmled by sarne letter are not signifieantly different at 
P=0.05 level by Dunean's rnultiple range test. 
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1979.) 
Chlorpyrifos: Greater mortality in the sulfur treated p10ts of 
ch10rpyrifos was significant1y different from that of the lime p10ts on 
a11 10 sample dates after 21' days post-treatment. The consistent 
mortality reduction in lime treated plots suggest that the activity of 
ch10rpyrifos is reduced as the soil pH level increases. 
Fonofos: There were significant differences among pH 1evels of fonofos 
on five of the sample dates (31, 82, 107, 119, 134 days post-
treatment). However, at these five times the mortality was least 1n 
the p10ts with no lime or sulfur, and significant1y different from 
mortality in the sulfur treated plots. At no time was morta1ity in the 
lime plots significant1y different from the check, but it was different 
from the su1fur plots on the last three sample dates. 
Isofenphos: For days 14 through 61 post-treatment, mortality from 
isofenphos was reduced in the sulfur treated plots to the extent that 
it was significant1y different from the lime p10ts. On four of those 
dates (14, 31, 51, 61 days post-treatment) it was also significantly 
different from the no lime or sulfur check plots (which at no time was 
different from lime treatments) implying that either the sulfur er 
lower pH reduced the biological activity of isofenphos. Only 134 days 
after treatment was the pattern reversed, with mortality of lime and 
sulfur significantly different. 
Phorate: Although the higher mortality from phorate 1n the lime 
treated plots was significantly different frem the sulfur plots on the 
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first two sample dates, usually the pattern was reversed. However, 
only at 51 days after insecticide application was the lower mortality 
in the lime plots significantly different from the sulfuro Biological 
activity of phorate dropped off so rapidly that generally differences 
among pH effects could not be discerned. 
Terbufos: In the terbufos treated plots mortality in the sulfur 
treatments was less than in the lime on three of the four sample dates 
that there were significant differences among the pH levels (21, 31, 41 
days post-treatment). The pattern was consistent on many of the other 
dates but the differences were not great. Laveglia and Dahm (1975) 
found that oxidation of terbufos is inversely proportional to pHs. 
Regression 
Regression Analyses 
analyses were performed on each insecticide-pH 
combination with mortality regressed on the sample dates. Graphs of 
the regression plots are presented in Figures 2-17 through 2-22. The 
graphs depict how mortality due to specific insecticides declined over 
time under different pH conditions. 
There appeared to be sorne definite effects of pH on the 
maintenance of biological activity of the specific insecticides. 
Generally, activity was least depressed under conditions of low~r pH. 
The slower rate of d0~line in mortality under lower pH conditions was 
most pronounced with carbofuran, chlorpyrifos, fonofos, and to a lesser 
extent, phorate. Except for chlorpyrifos, there was little difference 
between the check and lime treated soils in the rate at which mortality 
was reduced. The greater influence of sulfur in changing the rate of 
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decline in biological activity, re1ative to the check, may be a 
function of the larger degree to which the sulfur altered the pR. 
Results of the slope comparisons using numerically coded pR leve1s 
and orthogonal coefficients are presented in Table 2-17. Figures 2-17 
through 2-22 can best be interpreted in 1ight of the results in Tab1e 
2-17. 
Carbofuran: The biological activity of carbofuran declined linearly in 
a11 three soil pR levels (Figure 2-17). There was no significant 
difference in the rate of decline between the check and the lime 
treatment, but both were significantly different from the sulfur 
treatments. However, as the R 2 va lues indicate, there is much more 
variation among the sulfur treatments. The slower rate of decline in 
the carbofuran treated su1fur plots suggests that lower pH was less 
detrimenta1 to maintenance of biologica1 activity. 
Chlorpyrifos: Figure 2-18 demonstrates differences among the pH 1evels 
for ch1orpyrifos that are presented in Table 2-17. The regression line 
for sulfur is linear but the check and lime treated plots have 
significant quadratic effects. The rate of mortality reduction is 
sign~ficant1y different among the three pE levels and Figure 2-18 
suggestE that as pH increases the loss of chlorpyrifos activity is 
greater. 
Fonofos: The rate of decline in mortality from fonofos displayed a 
significant quadratic relationship in only the check. 'fhe 10ss of 
bio1ogical activity in the su1fur applied soils was at a slower rate 
R
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TabIe 2-17. Differences in slopes of SCR bioassay regression of mortality on dates using orthogonal 
_________ ~omparisons of coded pH levels. X - significant at P=O.OS 
pH 
orthogonal Insecticide 
com"p"'arison . 
----
Carbofuran ChIorpyrifo~ Fonofos Isofenphos Phorate Terbufos 
Linear X 
Che'ck vs Lime: 
Quadratic X 
Linear X X X X X 
Lime vs SuIfur 
Quadratic X X X 
Linear X X X X X X 
Sulfur vs Check: 
Quadratic X X 
Linear X X X X X X 
SuIfur vs 
Check & Lime: Quadratic X X X 
Check vs Linear X X X 
Lime & SuIfur: Quadratic 
Lime vs Linear X X X X X 
Check & Sulfur: ...... Quadratic X " X o -'"' '-1 
R
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Figure 2-17. Regression lines of bioassay mortality due to carbofuran in soil at three 
pH treatment levels in 1982 field study. 
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Figure 2-18. Regression lines of bioassay mortality due to chlorpyrifos in soil at three 
pH treatment levels in 1982 field study. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
111 
C""l 0"1 0"1 
N 
""' 
I • , 11 11 
11 O 
I N N N -;t ~ p::; p::; p::; I ~ ,. , 
I ~ , 
I , 
, \ 
~ 
, , 
I ~ 
, \ 
• 
, , O 
, N 
~ 52 p::; 
, 
...... 
U ::l 
, 
I 
... H jí., , 
:I:: ,..:¡ ,..:¡ , I 
u ::l , I CIJ , I , I O , 
• 
O , ~ 
, • ~ , I :z , , ::..... 
, , <:: 
ti ~ , I ¡;t: 
, , O 
/ CO I ti ~ , Cf; 
, 
" 
~ , 
, 
" 
u: , >-
" 
, O < , \O e 
, 
" " 
. , 
" , 
" " 
" " 
" 
" 
o 
" 
-;t 
" 
" 
, 
" 
, 
, 
" " 
" " , 
" 
o 
, , N 
'" " 
" 
, 
'ti.' 
o o o o o o 
o CO \O -;t N 
...... 
,unvu!Ow % 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
112 
than in the other two pH levels and was significantly different from 
the rate of decline for both the lime and check (Table 2-17). Figure 
2-19 suggests that the biological activity of fonofos is also better 
maintained at lower pH. 
Isofenphos: Regression lines of isofenphos are quadratic for lime and 
sulfur but linear for the check. The rate of decline in mortality from 
the lime and check plots but was isofenphos was similar in 
significantly different from the sulfur applied soil. Figure 2-20 
indica tes that lower pH adversely affects mortality induced by 
isofenphos for most of the sample period but maintains it longer. 
Phorate: There was no difference between the lime and check plots ~n 
the rate of decline in mortality from phorate. However, the slope of 
both regression lines was significant1y different from the slope of the 
1ine in the sulfur treated p10ts (Tab1e 2-17). The quadratic effect of 
a11 three lines is significant (Figure 2-21). Mortality in the sulfur 
treated plots was maintained much longer and fell off at a slower rate 
a1though initial morta1ity was lower than that of the other two pH 
levels. 
Terbufos: Figure 2-22 shows very 1ittle difference among pH levels in 
the rate of decline of mortality due to terbufos. However, as Tab1e 2-
17 indicates, there is a significant difference between the slopes of 
the regression lines for the check and su1fur treated plots. This 
difference may be due to the slight increase in morta1ity of the su1fur 
plots in the la ter samp1ing dates. Greater mortality in the sulfur 
treated plots, relative to the lime and check, is inconsistent with the 
R
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Figure 2-19. Regression lines of bioassay mortality due to fonofos in soil at three 
pH treatment levels in 1982 field study. 
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Figure 2-20. Regression lines of bioassay mortality due to isofenphos in soil at three 
pH treatment levels in 1982 field study. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
116 
N r--.. U"\ 
N ...;r 
'" . O 
I • " 11 
...;r 
• 
I N ...... 
I p:: I I 
I I 
I I 
I I O 
• I N 
::¿ ¡..:¡ p::: 
U ::;::: ::J 
~ H ~ 
::r:: ,....l S u 
C/J 
," 
~ 
~ 
~ 
" 
ti 
~ 
" 
ti 
" 
ti 
ti 
" 
ti 
ti 
" 
ti 
¡I 
" 
¡I 
¡I 
" 
¡I , 
" 
, 
¡I , 
'" / '" 
'" / '" 
'" / "" '" 
'" 
, 
'" , 
'" , 
'" , 
'" 
'" 
, 
'" , 
'" , 
'" Ir , 
'" , 
'" , , 
• 
O O O O O 
O ca 
'" 
...;:r N 
.UITv.DlOW % 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Figure 2-21. Regression lines of bioassay mortality due to phorate in soil at three 
pH treatment levels in 1982 field study. 
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Figure 2-22. Regression lines of bioassay mortality due to terbufos in soil at three 
pH treatment levels in 1982 field study. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
120 
0\ r-- ce 
C"l tri tri 
11 11 11 O 
I • ,. N NN 
-;t 
I 
, o:: 0::0:: .-. 
, 
" I , • I , , , 
I , 
, 
I , 
, 
, , O 
• , N 
::¿ ~ o:: , .-. u =:J , 
¡.J H ~ 
, 
::t:: ....:l ....:l 
, , 
u =:J 
" 
tIl I~ O , , O é-o 
...... z I , 'o" 
I ~ :z 
,/ ;S ~ é-o 
O I 
ce E-
" 
cr. 
, e 
" 
cr. 
>-
" 
< 
o e 
" 
'" 
" 
." 
." 
" 
l' 
, 
" 
o 
" 
"-'T 
" 
" 
-
-
" 
-
" 
-
-
e 
-
N 
" 
-
, 
-
-
-. 
o o o o o o 
o co 
'" 
"-'T N 
...... 
HI'1VD!QW % 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
121 
results of Laveglia and Dahm (1975), who found oxidation of terbufos 
increased at lower pR. Rowever, Read (1976) found slightly more 
toxicity in soil with pR of 6.2 compared to 7.8, 100 days after 
treatment, although there was no difference at 60 days. A significant 
quadratic effect is present in all three regression lines. Mortality 
was less in the sulfur plots for a majority of the early sample dates. 
Soil Factor Regression Models 
The basic models, comprising only the sample date components, and 
the optimum models, including the soil factors (when b was 
significant), for each insecticide, are presented in Table 2-18. 
Comparisons of the R2s for the two models indicate how much additional 
variation in mortality could be explained by considering effects of the 
soil characteristics. 
As in 1981 (Table 2-7), sample date accounts for a majority of the 
variation. Comparisons of Figures 2-14 and 2-16 reveals little 
similarity, between the two years, in shape or slope of the regression 
lines for the individual insecticides. Except for carbofuran, values 
of the intercept and b are different for the two years. However, 
comparable R2s (1981:1982) from Tables 2-7 and 2-18 indicate that for 
carbofuran (0.39:0.40), chlorpyrifos (0.22:0.27), and phorate 
(0.53:0.56) the amount of variation due to sample date was consistent. 
The inclusion of soil characteristics, with significant b-values, 
in the 1981 model for phorate increased R2 by only 0.03. The soil 
factors exp1ained no additional variation in tbe 1981 terbufos modelo 
Results in 1982 were similar. The optimum model for phorate inc1uded 
R
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Table 2-18. Optimum regression models describing the effects of post-treatment sample date and Boil 
characteristics (compared to sample date alone) on bioassay mortality in 1982 field study. 
HODErJ./lJ R2 Standard 
Error 
Carbofuran 
1 M = 0.9098 - (0.006186)D + (0.000009)D2 .40 .241 
2 M = 1.1661 - (0.004912)D - (0.00684)p2 .44 .232 
Chlorpyrifos 
1 M = 1.0324 - (0.011813)D + (0.000049)D2 .27 .356 
2 M = -7.5686 - (0.011828)D + (0.000049)D2 - (3.079758)P - (0.267362)p2 .45 .310 
Fonofos 
1 M = 1.0354 - (0.009291)D + (0.000031)D2 .33 .292 
21/ M = 1.7886 - (0.009244)D + (0.000031)D2 - (0.900461)C - (0.08539)P .42 .272 
M = 1.4807 - (0.009245)D + (0.000031)D 2 + (0.24040)S - (0.086267)P .42 .272 
Isofenphos 
1 M = 0.9240 - (0.00618)D + (0.0000005)D 2 .41 .290 
2l/ M = 1.0037 - (0.006103)D + (0.0060)p2 - (2.10912)OM .46 .282 
M = 0.6119 - (0.006110)D + (0.264107)S2 + (0.005662)P 2 .46 .278 
Phorate 
1 M = 0.8814 - (O.018042)D + (0.OOO095)D2 .56 .215 
2 M = 0.8814 - (0.018042)D + (0.000095)D 2 .56 .215 
Terbufos 
1 M = 1.0535 - (0.014826)D + (0.000062)D2 .49 .271 
2 M = 0.8702 - (0.014823)D + (0.000062)D2 + (0.00447)P 2 .50 .268 >-' 
N 
N 
R
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Table 2-18. (cont.) 
1/ 
~/ 
3/ 
Model 1 - includes only days post-treatment, linear and quadratic effects. 
Model 2 - includes soil factors as well as days post-treatment. 
M - mortality, as decimal; D - days post-treatment; e - % clay, as decimal; S - % sand, as decimal; 
P - pH; OM - % organic matter 
Both combinations of soil factors produced models with same R2 • 
1-' 
N 
W 
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only the date components and adding the quadratic effect of pH to the 
terbufos model increased the R2 only 0.01. The positive, significant 
b-value for the quadratic effect of pH supports the observations made 
in the ANOVAs section (mortality declined with reduced soil pH) and is 
consistent with the previously discussed results of Laveglia and Dahm 
(1975). 
As in 1981, considerab1y more variation (R2 increased 0.18) in the 
chlorpyrifos regression was explained by adding the pH components to 
the mode1. However, sand and clay contirbuted no significant b-values, 
and thus soil texture was not included in the 1982 modelo 
Whereas the 1981 soil factor model for carbofuran substantially 
increased the R2 , inclusion of the quadratic effect of pH accounted for 
just 4% of the 1982 variation beyond the date effect. The negative b-
value implies that mortality declines as pH increases and is consistent 
with the 1981 relationship. 
The two combinations of soil factors, subjected to stepwise 
regression analysis, produced identical R2 s for both fonofos and 
isofenphos. Therefore, two soil factor models for each insecticide are 
presented in Table 2-18. However, neither model for either 
insecticide, inc1uded the same factors as in the 1981 mode1s. The 
soil factors in the fonfos mode1s increased the R2 by 0.09 compared to 
0.05 in 1981. However, the 0.05 increase for the isofenphos model was 
the same as in 1981. Isofenphos was the on1y insecticide that included 
percent organic matter as a variable in a soil factor mode1. The 
negative, significant b-va1ue imp1ies that morta1ity decreases as 
organic matter content increases. However, the range in organic matter 
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across the three soils in this study was less than 1%. 
A pH component was a variable in all optimum models that included 
soil factors, both years. In 1981 the b-values were all negative. 
However, in 1982 they were positive for isofenphos, terbufos, and the 
pH linear effect for chlorpyrifos. It must be inferred, from Figure 2-
18, that the negative b-value for Lhe pH quadratic effect in the 
chlorpyrifos model more than compensated for the positve b-value of the 
linear effect. Mortality decreased as pH increased. Figures 2-20 and 
2-22 support the positive b-values of the pH quadratic effect in the 
isofenphos and terbufos models, respective1y. Mortality was greater as 
pH increased. 
In 1981 the optimum models with soil factors all included a 
textural effect. In 1982, only the models for fonofos and isofenphos 
included percent clay or sand. This is not surprising considering the 
ANOVAs (Table 2-14) that indicated few dates with significant soil 
effects or insecticide by soil interactions. 
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CONCLUSION 
The biological activity of phorate and terbufos was the 1east 
inf1uenced, of the six insecticides, by the edaphological factors 
included in this study. Mortality for both insecticides dec1ined 
consistently over all locations and Boil conditions. Activity of 
phorate decreased re1atively fast and that of terbufos at a moderate 
rateo For both insecticides, the passage of time accounted for 
approximate1y 55% of the variation in morta1ity with soil factors 
explaining an average of only an additional 1%. Mortality dec1ined 
slight1y in the phorate treated soil as pH increased and declined in 
the terbufos treatments at lower pH. However, these relationships were 
neither consistent, nor obvious. 
this study. 
Both materials were highly toxic in 
Carbofuran and chlorpyrifos appeared to b~ more influenced by soi1 
factors than the other insecticides. Exogenous factors (some not 
accounted for in this study) produced extensive variability in the 
biological 
explained 
activity of 
only about 
chlorpyrifos. The 
25% of the variation 
effect of time a10ne 
in mortality due to 
chlorpyrifos. Soil texture was identified as contributing to the 
change in activity but the curvilinear effect of percent sand did not 
c1early identify the relati0nship. Variation in water holding 
capacity of the different soil textures, may have influenced adsorption 
of chlorpyrifos. 
Soi1 texture 
Mortality decreased, 
influenced the biological activity of 
in 1981, as percent sand increased; 
carbofuran. 
possibly a 
reflection of increased leaching of the water soluble carbofuran 
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The 1982 
Increased pH consistently contributed to the decline in biological 
activity of both carbofuran and chlorpyrifos. 
Fonofos and isofenphos were affected, to varying degrees by 
edapho1ogica1 factors. The inconsistent and curvilinear effects of 
percent clay and sand, for both insecticides, render the influence of 
soil texture inconclusive. Bio1ogical activity of fonofos decreased 
slightly as pH increased. However, the effect of pH on isofenphos, 
although significant, was variable. 
Although there were variable edapholo~ical influences on 
mortality caused by isofenphos, it was consistently, after phorate and 
terbufos, the 1east affected by soi1 characteristics identified in this 
study. 
Though both were affected to varying degrees by edapho1ogical 
factors, ch1orpyrifos and fonfos consistently maintained bio1ogical 
activity longest of the six insecticides in the study. 
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CHAPTER 3 
THE 1NFLUENCE OF EDAPHOLOG1CAL FACTORS ON THE 
B10LOG1CAL ACT1V1TY OF SELECTED 1NSECT1C1DES: 
LABORATORY STUD1ES, W1TH SPEC1AL EMPHAS1S ON 
S01L M01STURE AND TEMPERATURE 
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INTRODUCTION 
Soi1 moisture and temperature can have significant effects on the 
biological activity of insecticides. 10ss of insecticide activity in 
the soil is highly correlated with soil water (Bailey and White 1964, 
1aveglia and Dahm 1977). Movement of water through the soi1 may leach 
some insecticides away from the target organisms. A more general 
re1ationship between soi1 moisture and biologica1 activity invo1ves the 
effect of water on adsorption of insecticides to soil particle 
surfaces. Adsorption increases and some insecticides may crystalize as 
moisture levels decrease (Bai1ey and White 1964). Hydrophobic 
insecticides wil1 compete with, and are often displaced by, water on 
adsorption sites CHarris 1964a,b, 1972, Felsot and Dahm 1979). Pe1sot 
and Dahm (1979) identified organic matter surfaces as the pr~mary 
adsorption sites, but according to Harris (1977), insecticides adsorbed 
in organic (muck) soils are not displaced by water. Hysteresis, or the 
difference ~n the amount of material adsorbed and desorbed, varies with 
organic matter and insecticides (Bailey and White 1964, Fe1sot and Dahm 
1979). Thus, alternately wetting and drying soils may vary ~io1ogical 
activity of different insecticides. 
Temperature is generally positively correlated with irrsecticide 
degradation and activity (Harris 1971, 1aveglia and Dahm 1977). Bio-
logical activity is a function of insecticide availability as ;ve11 as 
toxicity. Temperature impinges on biological activity in several 'ivays 
(Bailey and ífuite 1964, Harris 1971, 1972): 1) Insect activity is temp-
erature dependent and the insects contact more insecticide as tenperatUY2 
and thus movement, increases. 2) Adsorption is temperature dependent arre 
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as temperature increases. adsorption decreases. 3) Solubility is 
dependent and as temperature increases, solubility temperature 
increases. 4) Vapor pressure increases as temperature increases. 
Fumigant toxicity may playa greater role in biological activity as 
temperature increases. but volatilization may increase insecticide loss 
from the soil. 5) Many chemical reactions are temperature dependent. 
6) Microbial developrnent and degradation are temperature dependent. 
Bioassays have been conducted at different temperatures CHarris 
1977, Chapman and Harris 1980, Harris and Chapman 1980, Tashiro et al. 
1982). However, biological activity because of toxicity may have been 
confounded with increased insecticide contact of the test organisms 
that were more active at higher temperatures. Temperature induced 
changes in biological activity over time have been measured by holding 
treated soils at d;fferent temperatures and conducting bioassays at a 
uniform temperature to reduce the influence of insect 
(Patterson and Rawlins 1968, Waller and Dahm 1973). 
3ctivity 
Soil texture and percent organic matter influence soil water 
holding capacity and thermal diffusivity (a function of heat capacity) 
(Rosenberg 1974). Thus, sorne edaphological factors indirectly affect 
biological activity of insecticides through their influences on soil 
moisture and temperature. 
Bro-Rassmussen et al. (1970) proposed that temperature and 
moisture must be controlled to compare loss of insecticides ~n the 
soil. Moisture must be adjusted to equivalent leve1s ~n different 
soils to study its affect on insecticides. Moisture control is 
difficult when soíl texture ranges from very fine to very coarse. The 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
135 
same percent moisture, in soils of diverse texture, may represent 
extreme differences in the thiekness of water layers around the 
individual soil particles (Hillel 1971). These differences, in turn, 
affect the adsorption, movement, vaporization and solution 
concentration of insecticides in the soil (Bailey and White 1964). 
Moisture retention curves relate the volume of soil water to soil 
moisture tension. Similar moisture tensions reflect approximately the 
same thickness of water films on soil partiele surfaces. In sandy 
soils the larger partiele size results in limited surface area and 
larger pores between partieles. Therefore, adsorption is relatively 
unimportant and most water is retained in the large pores. The pores 
drain rapidly and the slope of the moisture retention curve is rather 
steep. However, in clay soils water is retained by adsorption and 
surfaee tension of capillary men1SC1 in the small pores. Water is 
trapped in the many micro-por es so the percent of the water volume in 
the soil that is adsorbed may be less than in sands at similar tensions 
(Hillel 1971). The greater volume of water in clay soils, compared to 
sand at the same higher moisture tension, is due not only to the 
thickness of the water film (which is comparable to the sand) on 
greater surface area, but water that is trapped in the pores. However, 
the water in these micro-por es may not be available for dilution of 
insecticides in the soil, so soil moisture tension should be an 
adequate measure of equivalent moisture levels. 
During the summer and fall of 1982 a laboratory study was 
undertaken to measure the effects of moisture and temperature on the 
change in biological activity of six insecticides in six soils of 
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varying texture, pH, and organic matter. The insecticides employed in 
the study were carbofuran, chlorpyrifos, fonofos, isofenphos, phorate, 
and terbufos. In the summer of 1983 the study was repeated using four 
of the soils included in the previous study. 
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METHODS AND MATERIALS 
Bulk soil samples were collected in the fall of 1981, air dried, 
and sifted through á 1 mm sieve. Moisture content of the air-dried 
soil was determined and the moisture retention curve for eaeh soil was 
calculated with a computer progr~m uti1izing organic carbon, bulk 
density, and soil partie1e distribution. The computer program was 
deve10ped by Mr. Otto Baumer of the USDA Soi1 Conservation Service 
(personal communication). Edapho10gical characteristics of the soils, 
and moisture levels at which the treated soils were maintained, are 
listed in Table 3-1. In the eoarse textured soi1s (F, S, V, and W) 
0.10 bar was considered field capacity (FC). 
The purpose of this study was to determine the influenee of 
moisture and temperature on the decline in biological activity over 
time. Therefore, a method was needed to eompensate for differenees in 
the inherent toxieity of the insecticides. Harris (1970,1977) used 
2xLDlOO and 4xLDSO levels, respeetively, to put the inseetieides on 
equai levels for eomparing changes in biologieal activity. The intent 
in this study, was to treat all soi1s with insectieide eoneentrations 
that provided an initia1 mortality of 90%. 
for each insecticide-soil eombination 
Therefore, the LC 90 levels 
were determined; 100 g 
subsamp1es of eaeh soi1 were treated with teehnieal insecticide 
(dissolved in acetone and diIuted in 25 mI of water [35-40% by volume]) 
at a range of concentrations between 0.5 and 20 ppm. Third stage SCR 
Iarvae were p1aeed in the treated soil. After 48 hours the eondition 
of the 1arvae was evaluated and mortality (Chapter 1) was determined 
based on behavior of the surviving larvae. Probit analysis was 
R
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Table 3-1. Edaphological characteristics and moisture leve1s of soil involved in the study of temperature 
____________ ~a~n~d~s~o~i~l~m=o=i=sture influences on tile biological activ~f soil insecticides. 1982 and 1983. 
Soil 
Class 
pH 
% Organic Matter 
% Clay 
% SUt 
% Sand 
1982 Moisture Levels* 
Low (15 bars) 
Medium (1.0 bar) 
High (.33 bar) 
1983 Moisture Leve1s* 
Low 
High 
F 
Ortello 
10amy sand 
7.3 
3.3 
1.1 
24.4 
74.5 
7 
18 
29 
6 
27 
*Percent water by volume 
H 
Hall 
silt 10am 
6.2 
3.5 
24.7 
67.1 
8.2 
18 
28 
39 
14 
36 
son 
M 
Fillmore 
si1ty clay 10am 
6.9 
1.7 
34.4 
64.1 
1.7 
25 
33 
41 
S 
Platte 
sandy loam 
7.9 
4.2 
5.7 
51.5 
42.8 
4 
16 
27 
v 
Valentine 
sand 
5.3 
1.4 
0.2 
16.8 
83.0 
3 
11 
19 
4 
18 
W 
Simeon 
loamy sand 
5.9 
1.8 
5.8 
40.5 
53.7 
4 
14 
24 
4 
23 
...... 
w 
ce 
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performed to determine the LC 90 level of each insecticide in each soi1. 
1982 Study 
The LC90 study was repeated twice before reliable results (based 
on Chi-square tests) were attained with the probit analysis. Five 
thousand grams of each soil were then treated with technical 
insecticide at the concentrations determined to provide 90% mortality 
(Le90 level). Insecticides were dissolved in acetone and mixed in tbe 
volume of water necessary to create 15 bar moisture tension for each 
soil in the 5000 g samples. The treated soil was divided into six 
subsamples. Water was added to four of the samples to bring tbe 
moisture content of the soil to either one-half FC (0.40 to 1.0 bars) 
or FC (0.10 or 0.33 bars). Two samples of each moisture level were 
created. One sample of each moisture level was incubated at 25 0 and 
the other at 35° C in 800 cc sealed plastic containers. 
Subsequently, 35 gram subsamples, replicated four times, were 
removed from each insecticide-soil-moisture-temperature treatment 
combination and biological activity determined with third stage seR 
larval bioassay. Samples were held at 24° <±20) C during the 48 hour 
bioassay periodo The initial samples were taken five days' post-
treatment and only 13 of the 36 insecticide-soil treatment combinations 
resulted in mortality levels within 10% of the expected 90% mortality. 
None of the phorate or terbufos treatments produced initia1 morta1ity 
levels greater than 71%. Therefore, it was obvious that the 
predetermined LC 90 levels were not accurate. Morta1ity levels, 
intended to produce 90% mortality, and actual mortality resu1ts from 
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the initial samples are presented in Table 3-2. 
Subsamples, for bioassay, were removed from the plastic storage 
containers la, 40, and 83 days following the insecticide treatments. 
However, mortality was converted to a percent of the initial mortality 
to make comparisons between insecticide treatments because some of the 
insecticide-soil treatments did not result in the intended 90% 
mortality in the initial bioassay. Because larvae died due to 
dessication at 15 bars moisture tension in some of the soils, only 
results from the high CO.33 bars) and medium Cone-half field capacity) 
moisture treatments were analyzed. 
1983 Study 
The 1982 moisture-temperature study was repeated during the SUWlller 
of 1983, with some major modifications. The number of soils involved 
in the study was reduced to four (TabIe 3-1) but sti1l included a 
broad range of pH, texture, and percent organic matter. Initial 
mortality in many of the insecticide-soil combinations deviated frow 
the intended 90% level during the 1982 study. Therefore, the LCgO study 
was repeated with more dosages, within a narrower range oE 
concentrations, to facilita te more precise probit analyses. The 
revised LegO levels, at which soils were treated in the 1983 study, and 
corresponding initial mortalities are presented in TabIe 
moisture levels used were 15 bars (low), equivaIent to the 
3-2. The 
permanent 
wiIting point, and 0.10 or 0.33 bar s (high), equivalent to fieId 
capacity. 
Technical insecticides, dissolved in acetone, were applied to 2000 
g buIk soil sampIes at the appropriate LCgO concentration levels Ln 
R
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Table 3-2. Concentration of insecticides in part per million in tended to produce 90% mortality and actual 
initial mortality using SCR larval bioassay in soils under different moisture and temperature 
conditions. 
1982 1983 
Soil Soil 
Insecticide F H H S V H F H V \.¡ 
Carbofuran 
PPH 0.67 2.83 1. 99 0.75 0.47 1.14 0.80 2.20 0.60 0.60 
% Nortality 80 74 85 70 73 84 88 84 70 77 
Chlorpyrifos 
PPH 2.47 1. 51 1.47 2.03 1. 78 1.00 2.30 2.0 1.20 0.90 
% Nortality 86 62 88 86 96 93 90 94 88 93 
Fonofos 
PPM 3.78 1.66 0.61 0.97 1.17 O. Si, 2.20 2.20 1.40 1.0 
% Hortality 88 46 33 83 82 69 87 89 89 90 
Isofenphos 
PPN 1.83 1.82 0.65 2.04 0.86 0.77 1.90 2.0 0.80 0.90 
% Nortality 94 76 54 62 82 79 85 96 85 87 
Phorate 
PPH 0.49 0.75 0.31 0.71 0.33 0.38 0.70 0.70 0.30 0.30 
% Nortality 22 22 10 58 37 68 87 85 89 91 
Terbufos 
PPH 0.29 0.32 0.15 0.28 0.25 0.23 0.40 0.40 0.30 0.30 
....... 
% Norta1ity 40 38 15 66 71 58 89 90 96 95 .¡::-f-' 
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enough water to bring the soil to the 15 bar moisture level. The soil 
was mechanieally tumbled for five minutes to thoroughly incorporate the 
insecticide. The treated soil was then divided in half and more water 
added to one of the 1000 g subsamples to bring the moisture level to 
0.33 bars. The 1000 g insecticide treated subsamples of soil at the 
two moisture levels were again divided in half and placed in 800 ce 
sealed plastic containers. The two 500 g portions of eaeh moisture 
level were incubated in different temperature cabinets at 23° and 35° 
C. Each insecticide-soil combination was subjected to all combinatians 
of high or low temperatures and high or low moisture levels. 
Twenty five gram subsamples were taken from each insecticide-soil-
moisture-temperature combinatian and subjected to SCR larval bioassay 
12, 25, and 40 days after treatment. Samples, replicated four times, 
were placed in 59 mI plastie eups. Four mI of water were added to the 
low moisture level samples so that larval mortality was not confounded 
by dessication due to dry soil. Initial IDortality levels were 
determined in soil samples taken froID the high moisture level of each 
insecticide-soil combinatian on the day that insecticide treatments 
were applied. 
Abbott's (1925) conversion was applied to all mortality values to 
compensate for differences in the effects of soil, moisture, and 
temperature in the absence of insecticides. Although initial mortality 
was within 7% of the desired 90% level far all but two of the 
insecticide-soil eombinations, subsequent IDortality values were 
converted to percent of the initial level for this study, also. 
Analyses of variance (AlIOVA) were performed on the percent of initial 
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mortality values converted with Abbott's formula for each sample date, 
in both studies. 
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RESULTS AND DISCUSSION 
1982 Study 
A summary of the ANOVAs are presented in Table 3-3. Mortality 
values for the different levels and results of Duncan's multiple range 
test ror the main effects are presented in Table 3-4. Differences 
between insecticides were significant (P=O.OS) on all sample dates. As 
evidenced in Figure 3-1, highest mortality occurred in the carbofuran 
and isofenphos treated soils all three sample dates and was 
significantly different from the remaining four insecticides 40 and 83 
days after application. 
Mortality was significantly different between the six soils, 40 
and 83 days after treatment. It was lowest in the two fine textured 
soils (H and M) , indicating that the clay fraction, or some associated 
characteristics, increased the rate of decline in the insecticidal 
activity. 
There were significant differences between the two moisture 
levels, medium and high. Mortality was less at the high leve1 al1 
three dates. There was no significant difference between the two 
temperatures at any time. 
The insecticide by soil interaction was highly significant in the 
40 and 83 day samples. Correlations were made between the mortalities 
associated with the insecticide-soil combinations and values of the 
edaphological characteristics of the soil: percent clay, sand, organic 
matter, and the pR. The correlations indicated that carbofuran and 
chlorpyrifos were influenced by the soil characteristics. 
There were significant correlations between mortality due to 
R
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TabIe 3-3. 8urnmary of anaIyses of variance of the percent of initial morta1ity using a 8eR larval 
bioassay of insecticide treated soi1s to determine the inf1uence of temperature and 
moisture on bio1ogicaI activity of soi1 insecticides. 
Effect 
Insecticide 
80il 
Moisture 
Temperature 
Insecticide x 80i1 
Insecticide x Moisture 
Insecticide x Temperature 
80i1 x Temperature 
80i1 x Moisture 
Moisture x Temperature 
Insecticide x Moisture x Temperature 
x - significant at P=0.05 
1982 
Number of Days After 
Insecticide App1ication 
10 40 83 
x x x 
x x 
x x x 
x x 
x x x 
x 
x x 
x 
1983 
Number of Days After 
Insecticide App1ication 
12 25 40 
x x x 
x x x 
x x x 
x x 
x x x 
x x x 
x 
x 
x 
...... 
.p.. 
VI 
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Table 3-4. Average mortality of main effeets adjusted to a pereent of 
initial SCR larval mortality in bioassays following 
inseetieide applieations in 1982 and 1983 laboratory studies. 
Days Post-Treatment 
10 40 
Pereent Inseeticide..!./Hortality.~/ Inseeticide 
1 
Ca 
Cl 
T 
F 
P 
Soil 
V 
ti 
W 
F 
S 
H 
Temperature 
L 
H 
l10isture 
H 
H 
98 a 
97 a 
94 a 
81 ab 
80 ab 
69 b 
Pereent 
Mortality 
100 a 
89 ab 
87 ab 
84 ab 
83 ab 
76 b 
Pereent 
Mortality 
89 a 
84 a 
Pereent 
Mortality 
97 a 
76 b 
Ca 
1 
T 
Cl 
P 
F 
Soil 
V 
F 
S 
\·1 
M 
H 
Temperature 
L 
H 
Moisture 
M 
H 
Pereent 
Mortality 
73 a 
70 ab 
58 be 
52 e 
31 d 
30 d 
Pereent 
Inseetieide 
Ca 
1 
F 
P 
Cl 
T 
Mortality Soil 
74 a W 
54 b F 
54 b V 
52 b S 
45 be H 
36 e 1-1 
Pereent 
Mortali tI TeI!lperature 
54 a L 
51 a H 
pereent 
Mortali~ I10isture 
66 a 
39 b 
M 
H 
83 
Percent 
Mortality 
52 a 
47 a 
28 b 
20 be 
11 e 
9 e 
Pereent 
Hortality 
37 a 
34 ab 
32 abe 
23 abe 
23 be 
19 e 
Pereent 
~1ortality 
30 a 
25 a 
Pereent 
Mortality 
42 a 
16 b 
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Table 3-4. (eont.) 
1983 
Days Post-Treatment 
12 25 40 
Pereent 2/ Pereent Pereent 
Insee ticide.Y Hortali ty- Inseetieide . Mortality Inseetieide Mortality 
ea 112 a el 91 a 1 89 a 
1 102 b 1 89 a Ca 87 a 
el 101 b Ca 81 b Cl 72 b 
F 88 e F 76 b F 54 e 
P 86 e T 48 e T 52 e 
T 75 d P 40 d P 18 d 
Pereent Pereent Pereent 
Soil Mortality Soil Hortality Soil Mortality 
V 99 a V 78 a V 77 a 
H 94 b H 72a F 61 b 
F 82 be F 72 a IV 58 b 
H 90 e H 60 b H 53 b 
Pereent Pereent Pereent 
Temperature Mortality Temperature Hortali:!z Temperature Hortality 
L 95 a L 73 a H 62 a 
H 92 b H 68 b L 62 a 
Pereent Pereent Pereent 
l10isture Hortality Moisture Mortality Moisture Hortalitv 
L 96 a L 77 a L 78 a 
H 91 b H 64 b H 46 b 
1/ ea- earbofuran, el- ehlorpyrifos, F- fonofos, 1- isophenphos, 
P- phorate, T- terbufos 
2/ }~ans followed by the same letter are not signifieantly different 
at P=O.OS by Dunean's multiple range test. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
Figure 3-1. seR larval mortality as a percent of initial mortality in bioassay of 
insecticide treated soils, 1982 and 1983 laboratory studies. 
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chlorpyrifos and the soil texture. As percent clay increased mortality 
decreased. Whitney (1967) reported that efficacy of chlorpyrifos was 
reduced in soi1 witb higher percent c1ay. Pike and Getzin (1981) 
attributed the 10ss of ch10rpyrifos in dry soi1s to c1ay activated 
hydrolysis. 
Morta1ity from carbofuran was inversely correlated 
implying that biological activity of carbofuran is adversely 
with pH, 
affected 
as soil pH increases. Carbofuran degrades rapidly, through hydrolysis, 
at high pH (Caro et al. 1973, Getzin 1973, Laveglia and Dahm 1977). 
The insecticide by moisture interaction was significant on all 
three samp1e dates. It can be inferred from Figure 3-2 that 
carbofuran, chlorpyrifos, and isofenphos were on1y slight1y affected by 
moisture on day 10. Forty days after treatment, chlorpyrifos and 
isofenphos were not as influenced bymoisture as the other 
insecticides. But, by day 83, there were 1arge differences in 
mortality between the two moisture levels in all but the terbufos 
treatments (in which mortality was reduced 90% at both levels). 
Mortality was always greater at the lower moisture level, implying that 
higher moisture favors the decline in biological activity of soíl 
insecticides. This is not consistent with several reports in the 
literatur~ that cite reduced activity in dry soils due to adsorption 
(Harris 1964a,b, 1977, Harris and Mazurek 1966, Harris and Svec 
1968a,b, Harris and Hitchon 1970, Harris and Turnbu1l 1977, Chapman and 
Harris 1980, Harris and Chapman 1980, Pike and Getzin 1981). However, 
Caro et al. (1973) reported degradation of carbofuran was accelerated 
at higher moisture levels. The reduction in mortality at the higher 
R
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Figure 3-2. Average SeR larval rnortality frorn bioassay of soils rnaintained at two rnoisture 
levels following insecticide application in 1983 laboratory study. 
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moisture leve1, may have been caused by increased vo1atilization. 
LittIe insecticide is adsorbed and vaporization increases as moisture 
is increased CBaiIey and White 1964). 
1983 Study 
Mortality (TabIe 3-2) in the initial bioassay (performed at the 
time of treatment) indicates that the LCgO va1ues deve10ped for the 
1983 study were more accurate than those used in 1982. Correlations 
between LegO dosage 1eveIs and initial morta1ities revea1ed no positive 
significant corre1ation coefficients (r). Thus, deviations from the 
intended 90% mortality were not a function of the treatment levels. 
Correlations were performed for each insecticide, between the LegO 
dosage leve1s for the insecticide-soil combinations and the values of 
the various soil characteristics. Generally there was not much of a 
relationship between clayand the Le 90 values except for carbofuran, 
which had a significant (P=O.OS) positive correlation coefficient. As 
the c1ay content increased the amount of carbofuran n2cessary to 
produce 90% mortality increased. Corre1ation coefficients between soil 
pH and the LCgO values were variable, and somewhat high, but none were 
significant. Although only the phorate relationship between percent 
organic matter and LegO resulted in a significant correlation, the r 
va1ues for a11 but carbofuran equaled or exceeded 0.90. Thus, for all 
but carbofuran, as the percent of organic matter in the soil increased, 
the amount of insecticide necessary to produce 90% mortality increased. 
Summaries of the ANOVAs are presented in Table 3-3. There were 
significant differences in mortality between insecticides, soils, and 
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moisture leve1s on a1l three sample dates. Although there were 
significant differences in mortality between temperature levels at the 
12 and 25 day sampling dates the actual difference in mortality did not 
exceed 0.05, as indicated in Table 3-4. 
Figure 3-1 depicts the change ~n bioassay mortality for each 
insecticide, and Table 3-4 shows mean separations, by date. 
Carbofuran, chlorpyrifos, and isofenphos produced higher mortality 
levels that were significantly different from the other three 
insecticides. Isofenphos maintained biological activity most 
consistently. Rate of decline in mortality appeared to be most uniform 
with chlorpyrifos and fonofos. 
Differences Ln mortality between insecticide treated soils 
maintained the same pattern as the 1982 study. Biologica1 activity was 
maintained at the highest leve1s for the 10ngest time Ln the coarse 
textured Valentine eV) soi1 with the lowest pH and lowest percent 
organic matter. Possibly because of adsorption, mortality declined 
faster in the soil eH) with highest percent organic matter and greatest 
clay contento 
As in the 1982 study, mortality dec1ioed faster in the soi1s where 
moisture was maintained at fie1d capacity. It cou1d be inferred that 
more moisture in the soi1 is direct1y or indirect1y contributing to the 
10ss of bio10gical activity of insecticides in the soil. 
Figure 3-3 graphica1ly depicts the average mortality of the 
insecticide-soil combinations 00 the different sampling dates. 
Although the insecticide by soil interaction is significant on all 
three samp1e dates, there are no obvious patteros of specific 
R
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Figure 3-3. Average SeR larval mortality in insecticide-soil combinations from bioassay 
in 1983 laboratory study. 
R
eproduced with perm
ission of the copyright owner.  Further reproduction prohibited without perm
ission.
12 Days Post-Treatment 
Ca Ca 
ea 
Cl 
1 1 
100 ~ 1 el H p ~ 
1 
el F F P 
F F 
;>, 
w 80 
·ri 
T 
T PI ~ .. 
rl p 
<1l 
w 
H g 
.0, 
rl 
<1l 
'ri 
W 60 
'ri 
~ T • 
¡:: 
H 
4..; 
o 
w 
¡:: 
al 
(j 
~ 40 ~ • 
p..¡ 
20 
-
.. 
~ • I ... 
Soil v \01 F H 
2S Days Post-Treatment 
Cl 1 ~ 
Ca 
Cl Ca 
el 1 
f' 1 1 F 
• Cl 
lil Ca 
Ca F 
T T • 
P 
T 
P 
• 
p r 
T 
• 
• • • • 
v H f H 
40 Days Post-Treatment 
I,Ca J 
el 
Ca 
1 
Ca 
F Cl 
Cl 
ea 
T 1 T 
F 
o. 
T 
Cl F F 
T 
p 
p p p 
• .... • • 
v \01 l~ !l 
1-' 
V1 
0\ 
Ca - carbofuran; el - chlorpyrifos; }' - fOl1oros; 1 - isofenphos; P - phorate; T - terbufos 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
157 
insecticide responses to the different soils. However, with close 
examination, some subtle trends are apparent. Tbese trends were 
furtber examined with correlations between insecticide induced 
mortality and the values of the edaphological cbaracteristics of tbe 
four soils. 
Mortality due to carbofuran was depressed in soil F on all tbree 
sample dates. The pH ís greatest in F while percent organic matter and 
clay are intermediate. The inverse correlations between pH and 
mortality were significant (P=O.05) at 12 and 40 days after insecticide 
application. Although not significant, the absolute value of r 
exceeds 0.85 at 25 days post-treatment. Tbese results are similar to 
tbe 1982 laboratory study tbat indicated biological activity of 
carbofuran decreased as soíl pH increased. The correlation between 
percent organic matter and mortality due to carbofuran were also 
relatively bigh, though not significant. 
Mortalíty due to cblorpyrifos was lowest ~n soíl H on tbe tbree 
sample dates. There were no significant relationships between 
mortality and values of tbe soil cbaracteristics. However, mortality 
was inversely proportional to percent clay and tbe absolute value of 
the correlation coefficients exceeded 0.90 for all tbree sample dates. 
This relationsbip suggests that an increase in soil clay content 
decreases tbe biological activity of chlorpyrifos and a150 5upports 
results of tbe 1982 study. 
No patterns of soíl ínfluence are apparent for fonofos, 
isofenphos, or pborate. The correlation coefficients revealed no 
relationships between soil cbaracteristics and mortalíty due to tbese 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
158 
insecticides. 
Although not excessively depressed, the mortality due to terbufos 
was at the lowest level 1n soil H on all three sample dates. The 
corre1ation coefficients between percent c1ay and morta1ity from 
terbufos were significant (P=O.OS) in the 12 and 40 days post-treatment 
samples. The correlation coefficients were negative on a1l three dates 
and the absolute value, though not significant, exceeded 0.85 for the 
25 day samp1e. Thus, it appears that as the clay content of soil 
increases the bio1ogica1 activity of terbufos decreases. Laveglia and 
Dahm (1975) and Ahmad et al. (1979) presented data showing greater 10ss 
of terbufos and terbufos oxidation by-products 1n soi1s with greater 
percent clay. However, 1n both studies the pH and percent organic 
matter were higher in soi1s with greater c1ay contento 
The only significant temperature by insecticide interaction 
occurred in the 12 days post-treatment samples. The average mortality 
due to phorate was considerably higher 1n the samples from soil held at 
23 0 C. Although Patterson and Rawlins (1968) reported that higher 
temperatures increased the 10ss of phorate, Menzer et al. (1970) found 
that soi1 type had more influence on degradation than temperature. 
General1y, mortality was slight1y less 1n the high temperature samples 
but there were no other significant temperature by insecticide 
interactions. 
The insecticide by moisture level interactions were significant on 
all three sample dates. As evidenced 1n Figure 3-4, mortality was 
reduced in the soils maintained at the high moisture level compared to 
the low level. Bialogica1 activity of fonafos and terbufos appear to 
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Figure 3-4. Average SeR larval rnortality frorn bioassay of soils rnaintained at two rnoisture 
levels following insecticide application in 1983 laboratory study. 
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have been affected by moisture earlier and to a greater extent than the 
other insecticides. By 40 days after application all of the 
insecticides displayed differences in mortality between the two 
moisture levels. However, throughout the study, activity of isofenphos 
and phorate appears to have been influenced the least by soil moisture. 
Kiigemagi and Terriere (1971) attributed early losses of fonofos 
to volatilization. Howev~r, Getzin and Chapman (1960) found that most 
volatilization of phorate from agricultural soils takes place within 
one hour of treatment. Most of the volatilization loss of phorate in 
the 1983 study may have taken place prior to any bioassays. 
Moisture effects on biological activity was similar in both 
studies. 
rapidly, 
Mortality due to fonofos and terbufos was consistently, 
and extensively reduced at the high moisture levels. 
Biological activity of chlorpyrifos and isofenphos was least influenced 
by different soil mosture levels. 
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CONCLUSION 
The LCg(t3 revealed terbufos, phorate, and carbofuran were the most 
toxic insecticides used in this study. The range in LegOs, across all 
soils was least for terbufos and greatest for carbofuran. The LCgos 
increased as percent organic matter increased, implying that the 
organic matter, probably through adsorption, immediately deactivated 
some of the insecticide. 
~emperature had very little effect on the change in mortality 
resulting from the insecticides. 
Biological activity was always less at the higher moisture levels. 
However, some insecticides were affected by moisture more than others. 
Mortality was least depressed at the high moisture level for 
chlorpyrifos and isofenphos, and to some extent, carbofuran. Phorate 
response was variable, but volatilization may have been a factor. 
Mortality from fonofos and terbufos was appreciably decreased at the 
high moisture level. 
Mortality of carbofuran declined as the soil pH increased, 
probably a function of hydrolysis. Chlorpyrifos and terbufos activity 
decreased in soils with higher percent clay. 
Carbofuran and isofenphos consistently maintained biological 
activity the 
chlorpyrifos 
longest. The rate of 
and terbufos was variable. 
decline in mortality for 
Although phorate was one of 
the most toxic insecticides in this study, mortality declined rapidly. 
The change ~n mortality evidenced by fonofos, 
insecticide, was variable. 
the least toxic 
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The complex, dynamic nature of the soi1 environment can be very 
detrimental to maintaining stability and autonomy, and thus biological 
activity, of insecticide molecu1es. The chemica1 and physical 
properties of the soil components interact with constantly changing 
temperature and moisture in the top few centimeters of soi1 where 
biological activity is most critical. Furthermore, differences in the 
physicochemical properties of the insecticides may vary their 
susceptibility to deactivation through a range of potential 
edaphological-environmenta1 combinations. Thus, it may be difficu1t to 
identify specific soil factors impinging on residual insecticide 
activity when the influences are counteracting, confounded, or 
complementary. However, through informed speculation and inferences, 
some generalizations may be made. 
Edaphologica1 factors apparently have very little influence on the 
decline in biological activity of terbufos or phorate. The toxicity of 
both insecticides, to seR larvae, is relatively high, but in the 
various tests their residual activity has been exceeded by each of the 
four other insecticides. 
Terbufos has been regarded as a persistent and consistent 
insecticide for soil application. These studies demonstrate that it is 
consistent over a range of soil conditions and locations, but the 
chemical is not as resistant to deactivation as it appears. When 
compared on the basis of equivalent initia1 larval mortality, the 
degradation rate is no less than for the other insecticídes. However, 
when applied at 1.12 kg Al/ha, the concentration in the soíl is much 
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Terbufos can degrade at a steady, 
moderate rate, but its toxicity is so great that although a large 
portian af the initial concentration may be lost, it still provides 
high levels of biological activity. 
Soil pH is probably the most universal edaphological factor 
affecting biological activity of soil insecticides. All insecticides 
were influenced by pH in at least one test, although some were affected 
to minor degrees or responded inconsistently. Carbofuran was most 
susceptible to large reductions in activity as pH increased. 
The influence of soil texture was variable. Textural effects on 
biological activity were probably related to differences in soil 
moisture and water holding capacity of the soil. 
leaching or changing adsorption, desorption, 
Probably because OI 
and volatilization 
potential of the insecticides in the soil, moisture had a majar impact 
on the loss of biological activity_ 
Numerous references cite soil organic matter as an important 
factor influencing insecticide persistence and activity. However, ln 
the agricultural soils used here the percent organic matter (at low to 
moderate levels) had little effect on the biological activity of the 
insecticides. 
Few soil factors influenced all the insecticides the same way. 
Therefore, detailed summaries are appropriate. Based upon 
interpretations of the data developed here, personal experiences in the 
field of pest management, and review of soil insecticide efficacy 
trials, some explanations and projections of the various insecticides' 
performance are also presented. 
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Carbofuran 
Toxicity of carbofuran was relatively high compared to some of the 
other insecticides in the studies. Residual activity was variable and 
carbofuran was very susceptible to edaphological influences. 
Biological activity declined as pH increased. The low water holding 
capacity of coarse textured soils probably contributed to the loss of 
carbofuran through leaching. However, in the absence of water movement 
it was relatively tolerant of moisture differences. Carbofuran appears 
to be very sensitive to high soil pH levels and is readily leached as 
water moves through the soil profile. Therefore, biological activity 
may decline prematurely in coarse textured, high pH soils. 
Chlorpyrifos 
Although it responded to the effects of pH and c1ay, chlorpyrifos 
was among the most persistent insecticides in maintaining biological 
activity. Edaphological factors contributed appreciab1y to the amount 
of variation, of biological activity, that could be explained. 
Chlorpyrifos was deactivated more as percent clay increased, possibly 
through hydrolysis or adsorption. There was strong evidence suggesting 
that biological activity was also reduced in high pH soils. Although 
mortality was reduced at the higher moisture levels the difference 1n 
activity due to moisture influences was les s than most of the other 
insecticides. 
Despite the potential for relatively long residual activity, the 
results suggest that chlorpyrifos performance may be variable across a 
range of soils. Conditions for optimum chlorpyrifos performance would 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
170 
likely be found in coarse textured soils with low pR. 
Fonofos 
Fonofos was generally quite persistent over a broad range of 
conditions. Rowever, biological activity decreased extensively and 
rapidly at high moisture levels, possibly through volatilization. Soil 
textural effects were variable, but mortality frorn fonofos decreased 
slightly as pH increased. Toxicity of fonofos to seR larvae ~n the 
soil was lowest among the insecticides studied. 
Interpretation of the data presented here may help explain the 
variable performance of fonofos in soil insecticide trials. Generally 
the perceived control of corn rootworms is high, but in sorne years and 
at sorne locations, particularly in the eastern corn belt, fonofos 
performance declines. Biological activity is more likely to be reduced 
as soil pH increases and soil texture may effect it variably. Possibly 
because of volatilization losses, greater soil moisture rnay result in 
reduced control by fonofos. Local and annual variation in precipitation 
following application may account for variable performance. 
Isofenphos 
Isofenphos was among the most conslstently persistent insecticides 
tested. Although it was affected by a variety of soil factors, the 
relationships were variable and effects minimal. It was also the least 
influenced by soil moisture levels. 
Isofenphos performance in field efficacy trials has been variable. 
Because several soil factors can influence biological activity, as 
demonstrated here, the incidences of poor performance may result frorn 
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a combination of soil factors. However, because of the variable 
response of isofenphos to the different levels of the factors, any 
generalizations pertaining to expected performance are difficult to 
make. 
Phorate 
Altbough no soil or environmental factors could be identified as 
impacting the biological activity, mortality from phorate declined most 
rapidly. There was some evidence that pH influenced activity but the 
relationships were variable. Volatilization, though not studied here, 
may have contributed to the loss of phorate from the soil. 
Phorate has generally been regarded as a relatively short residual 
soil insecticide. Corn rootworm control by cultivation treatments has 
been good, but the rapid 105s of activity, as demonstrated here, often 
resu1ts in poorer performance when phorate is app1ied at planting. 
Terbufos 
Toxicity of terbufos to seR larvae in the soil was the highest Cup 
to 5x) among the six insecticides studied. Although there was sorne 
evidence that mortality decreased at lower pH levels and in soils with 
higher clay content, edaphological factors had little effect on 
terbufos. However, mortality was appreciably reduced at higher 
moisture levels. Despite the higb toxicity and resistence to specific 
soil influences, tbe residual activity of terbufos was exceeded 
by several insecticides. 
The results obtained here help explain the general success of 
terbufos in corn rootworm insecticide trials at many locations over 
several of years. The li~ited effects of soil factors on the 
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biological activity has resulted in consistently high performance in a 
variety of situations. Furthermore, because of the relatively high 
levels of control from planting time applications, terbufos has been 
regarded as a fairly persistent insecticide. However, as demonstrated 
here, there are several insecticides more persistent. The toxicity of 
terbufos is so high that at the recommended rate of 1.12 kg Al/ha ~n 
100 cm rows, the concentration is several times the level"necessary for 
effective control. Therefore, terbufos concentration can decline at a 
faster rate but still maintain high levels of biological activity long 
enough to provide very good corn rootworm control. 
